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ABSTRACT 

This publication is a discussion of the concept of an 
educational production function, a mathematical formulation of the 
relationship between inputs and outputs in education. A description 
of how a production function can direct decision making toward 
economic efficiency precedes a theoretical discussion of the nature 
of actual estimation. Several statistical estimations which 
demonstrate the empirical counterpart of the theoretical discussions 
are made using one sample of data. The author concludes the paper 
with a summarization of the work. (Author/SHM) 
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More the rcsptMise of Y to inooiiioiits of dcpeiicls on Jiow vAwch X2 is present. 

Olljer cuvf;l icc^t i .^jii; arise v:)jon other fomus arc tcstctl. Non-linear rc- 
latiojuvJjips can be a];;-»j'oxjinatetl with higher order polynomials, such as 
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Y - a > b.X, + C.X7 + b2X 



Jn this case, --y bj Cj^X; i.e., the response of Y to Xj depends on 
how much Xj there is to bcjjin vdtb, I'ypically, tlie exponent Cj^ in such esti- 
mates 5s negative but small. The result Is tliat for small values of X^, b^* 
dominates, and Y lespunds. positively to increases in X^. As X^^ increases, 
tlie effect of added Xj diiiiiiiislies/ 

'J he matlicr/atical fonu of Jlje produclion equation, then, is cnicial for 
detc)'uini!i{; its part inl derivatives, Tl)ese, in turn, give tlfe inrormatiou ve 
are seeliim^t un cslii.iate uf thr chapjyj in out])Ut given a specific injnit 
dirarie. Jn Part ]J, ilu-jt. for;;, tlijs disciK';si(;ii on fuiicLic)/].'*! forns is con- 
tinuj'd, . • 



*]Aajr.pI<\s v;illi lliis p^^'r-'^'''/ ^-''"'^ appear in I'art IV. 
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Since llK' ciilry cf sociolo<;i..sts and econo:aisti; into educational rc- 
sciii\-h--wliidi dales from tlie Jale ]9r,0's--tlie concept of an "eclucational pro- 
duction fujictioji" has gained ever increar.lng mention. Yet nowhere is there 
a clear discussion of wliat sudi a Amction would do if there were one, what 
its diaracteristics v.-ould be, ajid how one would go about finding (estiinatinf;) 
onc.-^ In the first Part of this paper, J will discuss the reasons why one 
miglit want a mathematical foniuilation of tlie relationship between inputs and 
outputs in education. In I'art II I vill briefly discuss sonic of the properties 
of sudi a fon-iulation. Tliat discussion will be tlie most meager of all, tluis 
failing to fill a gap that has existed from the beginning of the atteiiipts to fit 
these Auctions. The reasons for this continued failure will be disciussed. 

Tliird, I will present some tlieoretical discussion about the nature of 
actual estimation. Much of tliis discussion is a straigiitfonvard trajislation 
of traditional production tlieoiy into teiins directly relevant to educational 
production. Some, liou'evor, is a novel attejnpt to deal Willi a nuirber of prob- 
•lems which liave been skirted by prc:vious rcseardiers. These include tlie 
problem of idcjitifying frontier ("best practice") institutions, the problem 
of Jiiultiple out])Uts, and the problun of siimiltaiieous determination of inter- 
related outputs. 

Tlie fourih P.-irl will pres-,-iii .some statistical estimations demojist rating 
the emj/irical conulcrparl of the tlieorelical discussions of I'aits IJ and 111. 

■'Kershai; an;l Mclieiui do skuLch, clearly uses Tor ,s;idi a function in 
0?), and Ikwlos disca^-scs csti'.i.ition in (1) and (2). These papers do not 
discus;-, m.-iny of the jsr.uer. covered below, ho'AVver. 
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Ilovcvor, ,10 i.soA.i cduc;.lion.n produclJon fuiictiun v;i]l bo prcsctt-d Lore. 
liKlood, it. Ls ,uy cuntontJoa iJu.t t),oro never Iuks Loon oven a reasonnl,]o r.atl. 
«.atical fonhi.latio,), i.ut tu inei.tiou a.. ackK,i,nto ost;n..ale of su.h a A.„<.-tjon. 
Nor v;ilJ there be fur so... t.bno io come. Tbe reasons for tins are found in 
Parts 1 and III below, altliouiil, tJie. crucial e]c->nent may be deteiinining a 
fiMCtional fonn as discussed in I'art II. A fifth section viU si«™aarizo the 
work of tlic paper. The reader iniylit be advised to skip to Part V first, 
and then leturn to Part J. 



I 

l-,s,.s ANn, A,«,,s 0,.- ,,,,;atka.;u. ,.,«»;,:;,■,« ,,,,;,,„■,. 



ililjuts iuul oiilnuls in 
piuJuctjon )s cxpn-xscl tlius: 

^ =■ f »!, X,). 

V .., ^^^^^ ^^^^ 

^» ..o ^^^^^^^^^ 

11 one tinulis of Y ns Y ^ v r^, . * 

^„ (outp„t value ,,t tho a„.l of the mvcass loss 

v.-.,.,o „o,a,..,,. o,. ... V, CO..,, ,„^, „,„ „^ 

coss, . nc CiHeronec . co„,sva„. ton. i,. t„e o.p.c.ion ,( x 

«-.c .,,0 „,„ ^^^^^^ ^^^^^^^ ^^^^^^^ 

o.p,.t .cn.) a„ro,. .O.0 ,„.^,„ „^ 

ecucuo.. r,.,ctio,.. „o.....o,.. t,r., o.u.„..„ ,„„ 
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fliiictjon i>r procUa t ion .iiiijuls cv)]y. 

The- X. an; t.lc- ..-iiis uf ti-.e pTo<1iK-t j oi; proccsn ,huin-', the tim.- pcrio;l 
bcu,)o cuiKsick-rcd. S.incc. a sttiJci.t in nu.,-bourding sdiools sj^cnds most of 
his imo not «t scliool. tl.c.-n any j)i-ocluctjon p.riocl exceeding one school day 
must account for value added outside tlu,- sclioo] . As an exaurplc, consider 
tlio output Y to bo tile increment to vocabular)- bet^•.•een the 9^'^ and 12^^' 
grades, 'llie conc:epf.,:..l,ly <-.orrect educational production fimction would ad- 
jui;t inputs for differences amono pupils in vocabulary at the 9^'' grade, and 
consider items outside tlio sd>oo]-say literacy of parents- as an input to 
the production process dui-i,i.; the higli school yoai-s. Thus variables 
• describing the "social class" of pupils serve two conceptually separate AuKtions: 
•n,cy .night correct for difiercMices on em ly to the production ])ariod, or for 
output production djiring the p,-oduction period, but not at scl^ool. -Jliis 
distinction is crucial. To t,he extent t],at output differences nro due to 
diffeiences in production during the period under consideratioii, then pro- 
grams to get jnore resources to cluldren v.lio luue fev; outside -scliool re- 
sources, preferably during tlie times tlie otlier children are gelting the 
outsidc-sc])ool resources, v;oold Jiave an obviou.sly good chance of success. 
To tlic e>-Lr-nt, tl-.aL difL-unror. in fijuil output nro due to diffcre-icos in 
initial value of Il,e Oiitj)Mt i.-casuvo, a di fferc-iit product ion process entirely 
may be carUxl for.^ And we hiov; little alxMit tliis pi-ocess. • * 

prfr.ri;v!^''? r'''r J'^'"'-' •TJ>rc-elaled. It could be more co:.t- 

t,- : n •/ , ^V'' '''"''''''-^ ^-'"■'^■8^'^' ^••■i^I' ycttim; Childroil to 

V ::.ri r Piv-sc],oo:I prugnnni. thmi to phtce 

iS'n^' " "^-^^ ^^^'-'-^^ crre.i ive for any one school to .lo thi..;, since 
ithnJil V iT'' '■■''■'J'''^" prc-school cNpcrience in (heir elementary 

scJiool.s. )-or tJie .sj^stei,., Jio-.svver, thij; policy v.uuld still bo must efficient.) 

ERIC 
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The ui-Kl sup jji spcrilyjiii; the pi u'l-icl ion Aiocl W,;, is t,., jiKlJctf 



the r.ij'.i)S of il-i ni;;t p:ii ti;i] doriviiti vu^ ----V. • 

Y - f(X^, ... ) . 

A partial derivative iiicUcalei; the rate of dK;iigc of Y ^vhcn X. is incremented 
by a small amount, otlicr variables staying tlie same. A negative sign indi- 
cates that an increase in only X. produces a loss in Y. If many outputs are 
to be invest iiiatcKl, tlien it vould not be suiprisin^i to f ind negative deriva- 
tives for some variables v.ith respect to some outputs. Thus increasing the 
avei-agc verbal, facility of tc-achcis mig.ht j^roducc a reduction in majiual skills; 
increasing tlie braivii of as.';ist;mt principals might )-cduce some kinds of crea- 
tive cxpr.-ssion, etc. Yet, of course, such losses iiiiglit be an acceptable 
"price" to pay (or gains in otlier outputs. 

Tlic last ii.iportaj)v 'feature of the produci:ion function is actual esti - 
mates of the partial dcjivatives.'' 'ilius v.v have to Icjiow tlic rm«£tional . f^^^^^^ 
of tlie input-ouLput reljitionshijjs. For example, a linear function 

Y = a -. b^X.j .-b^X^- ... 

has partial deriv;'tivc«. bp b^, etc. Kut a linear Amctioji vilh imltiplicat ive 
int.< raction tenns: 



,. '-^ ^-''-''^'T t-o disc-.!-;:; diaii^n:, in terns of derivaliws tlian in t.en:!S 

01 (.iri<:rci)'.cs bcti;.-en nuti.'il : iid final V valu. s. Ubv-jc th'; derivatives then- 
r.cTy; -. aic- nv' conr;tai!t , l!i,-n an esti'-Mtc of th',> cliangc in V should proceed 
by jiisci;.!);'. inilial an:l final valuc-s of the >:. jii(:o tlie e<iualion. 
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lujs partial tier i vat ixi-.s ' 

« 

Here the rcspojisc of Y to hwrcmcnt^ of dcpejicls on how much X2 is present. 

Ollior Wi'plicc^t iv^ji^ arise vrfien otlior fn juis are tested. Non- linear rc- 
]ation:iljip5 can be aj;pjoxjniaU;el witli higher order polynomials, such as 
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Y a > b,X, + c,X, -I' b^X 



]n thi5 case, "rry bj Cj^X; i.e., tlio response of Y to Xj depends on 
how imich Xj tlioro .is to begin vdth. Typically, tl\e exponent Cj^ in such esti- 
mates is nogativ(.^ but small. TJie roult Is tlial for small values of X-^, b^' 
dominates, and Y rcspujuls positively to increases in X^. As X^^ increases, 
tlio effect of added Xj dijiiijrl.shes/ 

The inatlior/atical fo)iu of Jtlie pjoduction ecjuation, then, is cnicial for 
detcrMinuig its part ial der5v;]{ J ver.. These, in tuni, give tiro infoimation wc 
arcr scoKin^;: an esiihirjic of tlir ehnnge in output given a specific injnit 
cli;:i}^;u. In Pari IJ, ilu'jx.Tor'.:, tlijs {)isci»i;si(;ri on fuiictio/j:il foir.»s is con- 
tinuf'd. . , 



'];Najr.pl<;s v;i.tli \\\\r> pi^'j^-'rly v/ill appear in I'art IV, 



rmUicLjoi:- A I tfrjia' iv<. s 

Suj)pusc, \:r l,;,vv cst inialcJ a pjclivtion A-nctlon ior ii .sc)k)o] or<u)iii- 
zalion. Tliat. is, v.x- ]iavc- ihfiuvc] an output, aiiJ ]iavc cstimaU-d partial de- 
rivatives of tl)at output, with respect to the jnj.nts afrectinn tJiat output 
durino the time of pnxiuctjon. IVc arc now con-.-lcrjjio dian-ing X^, or, a]- 
tcmitively, clumoinj; X^. 'Hiat is, v;e are considering, sane dumges in inputs, 
say a curriculiun change on tlio one lumd, a clars size chrmcc on the. other. 

♦ 

If the altcniativo;;. are constructed so as to cost the same, then one mioJit 
sijnpjy choose that wliich is the most "effective." If, in fact, only one 
output (or an output index) is to he considered, this is p?ecisc3y what 
sliouJd lmi)pen. So in tlie simplest example, one w.-mts t.o knoiv the derivjitivcs 
of an educational production function to choos<.' the most effective muonn ccjual 
cost al tcrnat j ves . 



''^ " 't^l '^^ ^^•9^^y^<^ with dY = ^j^- dX^, where dX^ and dX2 
arc tlic (small) equal cost dianocs just desci-ihcd. V.jiidiever calculation 
is larger indicates tlie estifiale of the hotter- -more productive---option. 

Seldom are tlie alternatj vcs hefoie us so clear cut. In the first 
place, t)iej-e. arc: many o'.it])ul and llic "j)refe.rrod" equ.!! cost chan<>.e might he 
different dej.eiidijn; oi; vliidi (:;iiput i.-. considejod. In theory, increments to 
tliese outputs a.-e w..i;,!)ted by a set of pjefcren.cs (t.hou!'.li \/!iose pu-ferences 
is not clear). Jf oath output is Y^, and its index \.ej};]it is V;., then 

can he calculiMed for tAcjy c.-iiuil cost proper.al , k, and the lajH'.esl. ij. can he 
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cho:;oji. Sudi an ril>>.lK:cl, j)vi.ci:'/ pioccflui <-, of course, does not (k:sc)j!.c 
iralify. );ut it dues (Icvi-jjistralc a real prohJi.-in: sopposc dinoronf r.fhoolf. 
(or dislricLs) prefer difrerenL outputs. V.liat docs this . > to our ability to 
cstiinaic product:! on AuictJOJis? Tkis question will reappear iji Part IJf. 

1 will cojitiiiuc Id assu::)c that the problem of judjjjnj^-. multiple outputs 
is taken care of/' Still assuiiiiui; tJiat wc liave a vell-dofiuod function, with 
quantitative estimates of its partial derivatives, we can jnvestiii.'!tc the more 
general question of choice of proj'.raiii option. Consider two options, 1'^ and 
Pg, whidi do not cost the sai.io. I'^ we will call the option of hirin« teachers 
with more advanced dcyj'ces tlian tlie present average. }>. is the alternative 
option of adding teacher aides to less "qualified" tcadiors. Consider the 
ijJtio of outputs from tlic; two options: 



r~ 

a 



wlierc y represents an ouli)ut. Clonsidei- the case in whicJi the ratio of outputs 
is gre< 
above , 



C, 

3S greater tlian tlio ratio of costs, j/' . In the first example discussed 



1 Kill noir tliat lliis siil)Jeci Ji-scrvcs imu-h hioic :\tU'V\ \o\i thnji is 
ordjiKirily jxikI ji-. To v.Iuit extent inv h\y,h sdiools imnMc- tu choose diffoivnt 
out]uits, bciciiusc! l.lic ]r j.,o:il oT th'/ prnvjjls i.-. oJiiijssion to col loj;o tmd col- 

entrance is tu v wry liinilod scl of sl.ilJs? Indeed, Kalnnen (13) 

coijsJdei-s ;Kl..i.ssio?i to J^.-^ton L;m in r>J,Pol (wliiv]!, wjili ]>lkA()'] Int^JirJ), can- 
priser, cr.senl'irjj Jy u I h. t.KieV'J ojio out\K}[ of llost'oji elfTiontary scliools. 
Schools v;anl inj'. tu maxiiiJre iJnl' fj.cujv -enlraiK-e hi-inp, detei).nned 1>y a'com- 
jxaltivo ( x;^:.ijji:u ir.n-*-;,! ( eAlrcwjIy lihihrd in ou\]}Ui ehuico:; at vcjy curiy 
{;rade:;. llMniy}) ii is Lnn ih/M th.; hun'ii liujiif^l t.lie oulj.'Ut sol, \]\v ii.ure use 
can h'j )i>?!de of v.\ 11 e.sii^'n'Md prrxluri ion funcl.ion**., it i'*. also. true thai this 
5;tnKUirc .serious!)' (•o]>sl r.j in- the i're^-dou of iiKlividml parents and chilihvu 
to dcveloi) .in a1 ir^rnrii ivc \;:jys. 
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v.- ], ,'Mn! wlion • > :i , 

wo saiil "buy ]'^,." VIo dow huvc the more goicral ai.se. IMicn the nitio of t)ic 
outputs is grciitfj- tli;i)i tlio i-atio of the- cu-sts, tlicn more value pcj- dollar is 
achieved by buying tlic ]))-oJoct of tlic mu!i(!j-ator. Mien tlie inequality is the 
other way around, tlie donomiuator is the better buy. 

Suj-poso, tlien, that aides are a more efficiont, but wore expensive pro- 
posal. ltai.emb.n-ini; that Y^^ -= dX,^, ^diere X,^ is tlie input "aides," and 
^d " "^^j '^^d ^'''^"-""^ ^d "ilf-crc'cs," we can c^stiraite a loss in output if 
we reduct: tJic deijjC'O level of teacliers (by j-eplacino. lotirjng tcadiers with 
new ones less "ciualifjed" than tlic average) enough to save the extra money. 
Nov,' we can consider c(iual cost proposals in which, w)jere /-.Y,,, indicates the 

CI/ H 

diimsa in V fioia mluclirai in d (jivcii ii, tlia aides yould pioducc an odditional 



(gain .in ouii;ul; 
due to aides) 



] ess 



Ay,/ 
a/a 

(loss in output, due to 
less (nullified teachers) 



and hiring new teachers wilh liighcr degrees would produ.'o Y, . If 

~ " d 

(AY,^ - /-V^i/.j) ■• ''-•Y^j , tiirn the aides are a holler solutioii, and tlie in- 

r.U[-]:i ))(,• t;i;.p1'<l K; w.-ni lo adjust the (iu;iniit.y of. tlie aide pi'o- 
gram do'Aii to the to.-.t of ilu; aJv;:nc(\I df-g/rc-.s prog.i7n:). I'.ul it could well be 
the CIS' Ilia! a pnyji'..' h;,-,, urnijin,;,, fcusiMo si-.o, or tliai the costs con- 
sider.'vl Jnre are for- j-anr-.i- or sj;;i-;:, all hijjh-r il:an lhal equal to Die cor.t 
of higi;;r d gjee;'.. )-or a i.v.all pjoiect, Hk- eo.-.t of aides myhx In- lii^-L.-r, 
and b] hid olndicmx 1.^ the lalio rule above would lead lo preferj-in;; i.uuv 
"<liial I Ijed" tea. h.rs. Thi:; w..ul.d be a poor solution, as we shall see. Thus 
one sliould co-irp.-re .Mich pruj'-( i,«< al efficient si^e.s first, which is why we need 
tliO general for..:ulatiti.i v.hieli dues noi assu.ne equal costs. 
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st.no, ion .tan- M,o„UI .djuuc j .U.,....,..rts i« ,„,;,,„ <,„..,nri,-.„i.n.,. 



TI.C |>r„Wa,« or d,oKc <li.cu«-.cd .l,u>^- l.avc .i,„pUcit,y asM«,I O,,,, 
all options were nUli^cJ to p,«U,cc tl,. m:ai„„,, output/or ontpuus in s« 
<lcto™i„o<, proportions. In other «rd=, the ,«nion 

one: is ««.- lx,st ,„U of «lij,se,! resources to pro.1uee jivcn ou.putsT 

Ke will ).a,o to p,,.,,e into the ^ssil.ility that resources are not always well 
used. A school e..™..itu..e, of conrse, has to bal,,„ce the gai,, to 8.«ter 
efficiency asaJnst .,,„ cost of better n.„acc«ent. in *te™i.i,„ its econcnically 
cffacicnt ino'Jucljoji mix. 

M.M».„ output for a siven set of resources is techni«] effieie-ncj:. 
Two schools with «,uiva]ent resources could pro,Iucc .lirferent outputrjitl^cch- 
nical erricioncy. If consider t» oatputs, ™d V^, the,, for a c-iven 
sot of resources, a lH2?l;x:tK„ f^tjer defines the locus of efficient output 
co*la-,tions. l-'or a different set of reso„,ces. a diffe,-e„,- f„„,tier is do- 
fined. In fisure 1-1, one su-.I, frontier is pictured. I, is s<,«I,at different 
fro.,, an onlinary p,och„: Lien Iron,i<.r in that it assu-es that fo,- low levels 
of either outp a , ,here is no „..Je. off of outpu,s. n,.« is. i„prove,„e„t in 

one output does „o, uec ssKate less in ,1,= other. Mu..,-e hoth are l,ev„.»l 

...ini,,,,., levels, the „ade-on does occur. Mere resources devoted 'to one „ecc:s- 

sitaics <-i r«:(lii,-iioii in ii.c oUkt ouipoi , 

T(;chnH-...lly cfficionL p.-nluctio,, snnply ,„c.„s kckUkHoh on the- ,,ro- 

d..ction fronlK..-, T.da.ical inci fici.ncy, tlun., I, a con.lJt..inn wIk.o „=urc of 



one oiU-put could be {>;iir.(H] \\itl)ouL loss uf <my otlicr output. A frontier 
CQiUd bo CODVCX io tlio uxos. This wuld rxnn^ tluiL as additioijal C(iua1 sj-c 
sacriCicos arc juid',* in ont.^ outinit, Jargcr cuid laryor gains can be made in 
the other. AJ though this is ]jOt iiiipossihlo, i.t leads only to specialization 
in very few outputs. 1 do not thinl; tliis hind of trade-off exists in public 
schools, althougli it may be tlic case in graduate schools. 

TcclinicaJ efficjency, tlien, means maximuni (frontier) production, given 
an injjut structure. ]:cono;i!ic efficiency means cJioosing tlie best input structure 
given input ••ou1])ut relations and prices of inputs. Production functions arc 
cc .r'ljc tools: they artr used to purchase the correct inputs, assn'oing they 
v/ill bo managed corioctl)'. It should be ob\dous tliat if so:i!o inj/ats are typi- 
cally mjsmanaged, tlujn an ex post production function analysis may advocate 
purchase oT otl)cr inputs. Yet the truly efficient solution might be to use 
the current inputs di f lo'onlly, depending oji tlio cost of better mnnagement. 
Tliis could be tlie case, for exa!;'j)le, wliero inathei-iatjcs nnd science teachers 
are scarce, and other teacJiers are used in their place. 'Fliere is no roasoji to 
believe that production of inutlicmatjcs output is technically efficient, 
given tlio resources. IVe would ''find" tliat, to produce matli slcills, v;e must go 
into the luarkol: and "buy'' prejiared math teacliors. But it could be* truo tliat 
another combinatioji (s':\', moj'e i:iaterials v;it1i inferior teacJjers) is more 
cost-ef Tect ivc. .Since })r)nuip;ils ''cowj'*' tlio matli class, l)Ut do not add non- 
lui'ija-i re.»Oinxc\s lo sub^ 'u I uL'* ("(jj* inn^j-ioj' luniuut rc*sources, Jt is likely tljat 
iJiathen^t ic,s j)n;JuctiuTi is teclinicilly inefricienl glveji the resources of tlic 

8 

'rrodii.tion on tlic dnslied lines, then, is ineiTicient , and these lines 
are not actually ];a)-t oT the fj-ontjej*. 



school-;. Not ob.<.rvin:; cr(K-),.„i prc.l.K-ticMi, c.nnot, csll.-.ato it. eFfc-ri. 

It is then ask-d of i),c productiui. rumition an.Uysl. i.o roco,.ncnd pjo- 
cluction Chan,,,.. That .i.s nsk-cl to make- tcchalrol. rccconc-ndatiuns ahout 

substitufH.. of rc.onra.:. j v;a„t to stu^.s that this i.s not the function of 
•such analyses, and by and larr.. there Ls little to say for a rcconoaendation pro- 
ceeding fron, such an apj,ruach , ''^ Mx^re U.ere is technicaliy ineff-icient pro- 
duction-and more iii.portantiy, vliure some outi)uts (say, ,„at]0 are produced 
(in public school.) Kiili less technical efficiency than otliers (say, reading) 
tJic real „.anaoc;ae.at alternatives arc „.uch greater tlum tl)e productioii f.u.ctxon 
analysis implies. 

For t],is reason, one ouoht to obsei've only tocJmicalJy efficient 
schools, Oiie can then deter.,ine both v.hat a cost-effective input mix would be 
like witl) good inanai.emoT,l:, and what returns could be ex],octed fi-ow, better 
">anagen)ent (of Jnofi-icient sci.ools) itself. In production theory, this is 
called observation of "best practice" fir.ns.^^ In Viwt IJf I will present a 
i.ietho.l of i.solatino best practice schools, and in Part IV 1 kIII attempt to 

-'icauilly pick some from i.y data. 'Ihc exerci.so is iiiorely illustrative of tlu) 

pj-oblo!ii, and not a ^'.ood solution to it. 
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spcc)rie^!^j-dS 



See .SaJloj- {?()). 



1 l.avc .s!.cn;n so Uu Oi,!- pru,lucti(«, f.uK-t.ions coi.ld bo a ii,iuKr;c;aont 
(or policy) 100.1 to ,)n-n,oto '-..u-c prcciso dofbdlaon of altcrnatius, und 
more ccono.au- oiricioncy :i„ production. V,ui csl j.natkm of .sud, a runci ion 
must. fonoH'det.J.1cd todnic-.l l.„ov.Ocdj;o of nnput-outp.,l rol.tionsl.ips v.hkh 
doe. not yet c=xLst. A con.ploLo todinicnl description is not nccossary: v;c 
do not ostimutc production functions from blueprints, but from data.' SLi.l], 
the production f.mction mu.t n);pear reasonable to t}ic experienced educator, or 
tbere ,nust be a good expIanaL.on of wJ.y it does not appear so. A .],ort discussion 
of -properties of AuicLions apjx.ars in Part Jl, so this discussion about reason- 
ablencss can bog in. 

biij.irical esti.Matos ai-c not witliout volue absent tlio JuiOKledge of foras 
(and )r.casurc)i.ent, and a liost of oil)er technical items) one vould like to 
have. I a-)i i;i.-rely di.stinguisi.jno regi-ossion esliiiiates as they have appeared 
in tlio lileralure from productior. function estimates, which Jmc m.-ver appeared. 
^ i>i^i:itdvc all observations (not jusi best practice ones), ' 

not adjusted for initial v.luos of tin., output measure, may give a good estimate 
il^HV'A^. J"cl'i^ion.<;]n])s. Thus the typical equation: 

^' " ' ••• ^>j^j + ... + C;Z, + ;.. 



v.'liere X. aj-o sch'.'.nl .I^:>iiis, iuid 

Z,j au; puj)i.l bav 'cgifuiKl v;'j-iciM(\s 

gives i:n avvj-agc relai )< n^-.])ip between the o.,1put, Y, and the, ijiputs X. imk\ Z..""^ 

Gnt u .e, e .1. ( ;j , .h.ptci I, 'Jh,se studies agree thai ii.ep- is s< 
a\..n.<.u rei.Mionsnip betv.e.'T, sdiool resouiT.e.s •u.d cor.nitlve sl.iil-.. 



Uov; rrjdi .f-Y is ])aKlu. ^ <! diM ijm- scLujI >^aj:. js sclci.ju! (list tn;:!ji {joui Y 

picviu..! hofovv <Mhov'\. Nor, c:ron {fivci tins dlst jjH-l luii, hir^ any at lohij)t 

bcci). mack: to dj:.i L]iy,i;ls)) k tv/oa) tin; clTuLt of liomc 3-(;sourcei; cluriii;; rjun- 

sclioo] poj-jods, vs. tlio effect of liono jx.-soujtcs as ])j-oclucin<> . an interaction 
12 

'duj-iny scliuul. ^ 'Ihc }cijov;led-;o \h;ii Ixviie resources expJain r^ore variiince 
thaii sc])ool resoiu'ces was ])jvdJcLed v/eJ ! before, any empirical results were 
knowr * ' Uliat is import ajit is to discover the ))j-oductioa relationsli ips 
which do oc-c-.in- in scliowlv. c-is presently const: itii led. 

All of liiesc Ji!ipor(;!nl; rosearcli topics cm bo invesLigcited wJtli cur- 
rent theoretic;)] and st-itjsHcal tools, Dctuniiininj^ these average relation- 
ships would he vital for enl i[>J)tened educational policy. I only wish to 
stress that tJiey would not ])el]) in makiiio detailed production decisions, wliich 
involve man'.im^^^^^^ estiiiiatcis. Co!)j;rcss and tiio Office of Kducatlou Kant to 
know v;hat area, Oii_tho avcj^^^^^^ deserves support (s;iy, l.etuvcn sxvmqy care, 
pre-scliool, aft .-r -scljoo! proj;ra):is; teacher training in s]<ills or in behavior, 
etc.). School sy.sle;iis and particularly scliool principals \;iint to knovMdiat to 
^° Pi].i^5:.ii!;'ll"?yji- Cojigrc;ss and tlie Office of ixlucatJun need to deal with stu- 
dents in general, Init pi ijic.ipals deal v.itJi very particular students. A general 



J'Oi- a si i,:,'ulai in;.; ati'.hpi to disLjn!;nL;-,h bc'n;eeji school yea)- and 
sui.jiier l(\-.r/!n.(;, ••.■•c li.i;,.-. aj/d C'-'.-ther ( 9 ) . J hnov oj' j)o atteiupt to separate, 
witbiji t):''M))0()! ye; I , i ii- scui ;;.) I frf/ii out- c/f-sdioul effetls. O.ie' iiijy.ht bci^in 
to du so v.ilN a s. :'^>h- of c'')i!d;e)) v.ly) had ])e-,'ii deprived of scliool for some" 
perj(;d of an:] a cr ; ,ib I'- in hoai-diug scIiomI. 

^■^"Jt .is ])rob..bie tiiai all tl)(' oClu i" var.ia1>1rs taken ioi-ether Kill Iiave 
OJily a f i.u':ti(^'i tli i' j;aci on ach ic\ e'!,:'jit ijiat eithni' JQ oj'tli'^ jn1 e i lecLual 
atr.espb'Mo, ol' (he- in;pjl'', )i(.,i,ie Kill lia\e." K; i .^-.liaw aii'l Mcfea.ii {.{?'), p. 27. 



:i<« 



solution is to i„. , . 

P , . ^ . • . inc .131,1 (., ]HoJuctI()n 
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The m>cd fur clLsau-..iiK; iho iraLl..rr.,,Mc.l .sLructurc of cJucationnl 
.production functioji ]i:i.s already been demon. Lraled. To cst.nnate ehfuiges in 
output v;l,jc). are exp.de.l to eccu)- ^<iih input changes, one needs to kiiow the 
actual equation o>:pres.sing Y as a function of tiie inputs. For small changes 
in inputs, v.'c can approximate estimates of output dianges from the derivatives 
of the output, vdtli respect to tlio inputs. Tlierc are a number of other proper- 
ties of runctions.Klii. il are JmporUmt. Tlieso properties e^ ist implicitly in 
any functioiK.I Pom, Jlence, wliother a researcher wishes to discuss those 
properties or not, his "inodcl" of input-output relationships in cducatioii 
contains cstii-iiites of theiii, uhich may or may not be reasojiable. Jn some 
forms, in fact, the values of these prope)-ties are independent of the values 
of the parameters (the values discovered einpirically by fitting the functional 
form to the data). Thus iinpuitaiiL p/opert ies may be unla.iowinc-ly specified 

3 v.-ill discuss the follov/iny properlios: derivatives, elasticity 
of output, elasticity of substUuLioj],"' 

Deri v<! lives 

The first paitial deri^'aiivo of Y vith res)-ect to X. , .9^^- , , dejiotes 
the instanl;:i)eous rale of ch;..a^c. of Y v.-ilh respect lo c],an<.es in X., where all 
X. 5^ X. are held censlaul. As nhv.r., with sM.all cl.:)m>,es io X., one caji ij;nore 
the fad (Inl this rale r.f el).-,..;-/' rwy ilsfir chaiKie, and estijnale a disuclo 

"^ni.:re arc- i.,;in> oM ajv-.t- deseivi'i;; of invesi i ion: v/hat th-;' enuy- 
•uon say.s ab.TJl i\ ii\r\r m.'Ic foi- ( : ;. oN- ' 
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chuiioo ill Y, dV, by 



clY 



•: ; V- tlx • . 



Mion Y is a sioiplo (no iiUcn.ct lojis) Jinoar function of the X'.s, this fo)-- 
im:la is exact. The cocmcLcnt of X., b., is its derivative. Thus with 
linear estiii.ations, researchers give estimates of changes in Y from the 
above foimila without linvino to calculate Y^ (after chaunc) and Y^ (before 
change),. And tliis proseiitation is valid no matter what the values of the X • 

OL 

and Y^ --inputs and output bert)ro Jiypotlietica] adjust iionts. 

T1)0 indepu.Klcjica of tlie effect oji output oF m iiiput adjuytmcnt from tlu; 
initio]- value of that inp.-t is an important prui^c-rty of an educational production 
function. We h-jvc already sc:cji two functions of whidi this is true: 

(1) Y = a + bjX^ -I b^Y^ + ... 

(2) Y = , . bjX^ . b^Y,, . c_jXjX2 

• 

In equation diangcs in Xj may affect Y differently depending on the values 
of etc., bui not dep.-ndin;; on its .own initial valuo.^ One might asl<, is 
this a n-,:.-..!,..M^ char.Moic-r i'r.l ic oF an edii-.-at ional producLion fiinctioa? 

r>v' an:;..;., is ec;u ^ vocal . It d.^K-nds, la.-gcly, on the definition of 

acUo-, d!"!r„'''' M i";;"^''^';^"-' sho.., Ik-a- wm ba the only inter- 

^ita'. rnV'T-''"-"-' V''^'' ''''''' •'^"■^'"r. ^^fi<H-t "'t,-, 

u ' ln V -neciJun^O. fins nii,;!,i not b iho case In- 

t K U,..,n:. ^;h;ch wo,!, .u- limii.J rangea can be dcfJiK-d La lesf for s p 
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inpnlF.. -Jlius l>.c jc'ai:ii;p. tc-icJir-r ij a.L,i;i)i|; by one 'scwstcr my have d.iminj.sh- 
3ii<; effects, l:hu hh>h . il.o t.r;.jnli,<; level iuitially. Jt is unroosonablu to 
a<;fnnK« tliat tminiji<-.. is ij„e;u- rclation^bij) to output, lluv.uvcr Uiu "irain- 
ing" variahlc can be iK.rtj.C icr d. Dcfjno Hvo variables: the first wis Ibc valm 
•1 if the toachcr ])as creel its Ixyond Ihc Ijadiclor 's degree, the second is 1 if th( 
teacher has ovdits N^yond tl^c MjisLcj 's decree. Kach variable is zero otlioiviso. 
There ixrc :\ number of good statistical reasons why non-linearities are bettor 
estimated by non--]incar fo]-iiis tlwn by sets of binary coded variables, but 
this doos not ol)viate tlio fact tliat so-nctjiiics one can have level dependent 
estimates witliin llie confines of a sisnple .linear equation. The cnicial ele- 
ment hei-e, tlien, is vdiothor tlie definition of the variables is such that 
the equation defines only one or mora than one derivative for a particular 
policy. A proj;iaiii of "tr;iininp," caji have: H,o different est imated results, 
but a pj-o{;ra;)i of "credits beyond an M.A." can have only one. 'niore is no 
reason 1o be critical of a linear additive fonn, per so, on tlu; question of 
whether effects of increment.--. io sliould de^x'nd on t!ie level of X^. 

Usin;; a free dofinition of variables, and tlio Interaction terms of 
bquati on 2, v.-e can tlifn have an additive form vliicli accounis for depeiidencc 
of cl)in.^';es iji Y on both i1s own Jovel and the level ol olhcj- variables. Since 
a of otlic!, ])n ])eri ".f..- ;/re jiol ;;(. ceeiued for so singly, we .should Jn- 



Ji.r C'!-''j!lelf ;,. t or v.ij iable-; is 
l:-.;s lli.uj ];.\ 

var. 1 0 I 1 

Viir. ? 0 0 1 

Thus these Iv.o va.Iabley d. fiii,^ ihun.- and tlir.y nte no." linear d^-endm;. 
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vcsti<;jlc at least one olli'^j* k)iv,j: 
(3) Y - ciX^-^X^^^ 



Au cxtensio:i of tliis -form hi 



b b.-X 
(4) Y - (iX^-*X2 e ^ ... 

Fonn 3 seems to jj]i»)osc a severe interact io restruction: v;licn Xj^ or X2 is 
zero, there is no output. However, this fom cannot be estimatccl in t]io first 

place Kliere X, or X^ is over zero. Fonn 4 takes care of this problcjn by allow- 

by 
3 4 

ing to be zci^o, in whidi case e ' = ]. These equations are estojiiated 
by taking loyaritlinis: 

3') 30i; Y - a + b^Qog X^) + b2(3ou X2) + ... 
f 

. 4 ) Log Y = a -t- b-^(lo{> \j) + b^Clog X2) + b^X^ ... 
The derivatives arc (le])enclcnt on tlie valuc.^. of all variables:^ 

v"xj V.i h 



Tlris fonn is j;^o^.l iwjrul wlioji X^ 0 Motc\s tm:\ Tlien b.^ is tm estimate 
of (J ♦* r) Avboic r .is o cvi\p\'\v\] intcj-cst »,'te. In *m educalion production 
fiuictjon v;hr-r(»^ tlicjv. i*. tj'Dcr so'jc; d.'la, iMs tojii could u^cru1]y cstiiiiate 
the {;'. j)cra1 educal ioii j i (-(Trn-l of j»,io\;ing in a literate society, 

Kccdlc^'.s tc ill is c.>'j)i (■fsSioii 0 :s not )it)1(^ wlv u \2 ^» fund ion 

ofX... I'.ui lljis • (1 i.s(;u:.';jn;i assumes il^at only Y is a fujictjoi) of the X^: 
Ihoy a)c- ]ut r;i..v:li! (:ir]\ otlicj , or of Y. A hr\c[ discussio]* on csti- 

inal'i(^:i v.lieji X. ::rc n ;t CA(>;,c;]iwns- • i.e. , do nol t^]^^; on values indej^cndcntly of 
the olhcr varKMc% • •av)>^\'!rs in Vi\r\' 111 of this pr'ner. 
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e)Y b, b b_X- 



The change in Y when X, is changed is, then, a faction of the original 

°' 'l' 2nij2Lanot^^^ Alton^atively, it is as- 

st^ed that each variable interacts .ultiplicatively with all other variables. 
This is fairly general, tliough one could complain that the waj. in which 
is a function of.y is restrictive; \ " . . ^^1 



Suppose, for example, that a school Increased reading scores by lOS 
by hiring More qualified teachers. Ihe ES^ctadJncj«nt to scores fr^ no. 
hiring More experienced teachers has necessarily Increased, if the effect of 
experience was positive to begin with, ttat is, if the sign of the direct ef- 
fect of two variables is positive, the sign of their interaction jjust be 
posltive.<* I do not wish to j^ge this property, Me,.ly to expose it. 

Elasticit y of Output 

Ihe elasticity of output with respect to some input variable X., which 
1 will denote is a straightfon-ard extension of the first derivative. One 
might want to define a measure which is independent of the units in which X. 
and Y are measured. Thus ^ 



IncreJ^^L waSv of°te?chei^ h'^^"'"' 2" ?^ requirement that "an 
catod P~hrJi'L°'d^°&'f^S?e?^rX^^^ 



T 



Tliis jUvcs llio^ pjoijortiuuatc cliangc iu Y vIjcji clinjigoi} 1)y a siaull (ii.«uunt. 
For cxci^iiplc, ir 0j ^ ..S, tin.)) y 10 ])era:nl lucj'ca.sc in loaOs to a ^ percent 
'increase in Y. ^ ^ j I)ereent increase in X^ Jeacls to a 3 

percent dcc:n e in Y. Just aij it was true tlr'L the ,simplo Unear fonn defined 
constant derivative^ tJie simp.lo multiplicative fonn (equatioji 3, above) de~ 
fines a constant elrtr>t lei ty of output • TIio equation 



forces an estimate of the ])ercentage jjicrease jn Y, given increase in X^, 
to be b-j times tliat percent'a<;e increase in X^ . Wlioc a cojistant output 
elasticity is assigned as a matter of production thooiy, tlris gives a con- 
venient way of estimating it. lilastlcitics givcji for linear equations are 
usually calculated l)y sett.'nig the variables at tlieir means. Though the i)resen- 
tation may mentioji elasticity/' it really moans an el;jsticity. One might 
want to ta^ce c>:tre5ne valu.v; of his data, and calculate tlie range of eJasticitlcs 
impl.icd. Of course^ tb< value of Y used in this calculation dcj)cntl:» on tlie 
values of oilier varial).K . Unless other im]K»rlant v;u;iaMos/in tlie equation 
are negatively conxjlaled wiLli Xj , tljcn tlie elasticity of output wit)) respect 
to Xj \;:}1) be found ix> derieasc- as Xj jnci(\'ise,s. Tins should be' obvious: 
sinc<* incre-.cnis of X.j have a co]ist;njl absolute (effect on incrcmenl's to Y, 
then (baij'inji c\{ vcjal' n'*j,aii\'e corjx^lat ions' in the data) a 1 ineaj' function 
will (^sli;;iat(* a sjiumJ ! (-last i<., i i y of out))U( with ivsj')cct t(> Xj for a resource- 
rich school cori]Kir(Hl . . ! Ll) a )'esuurce..poor school. 



Y = 




2:» 



]r thii; is a scsil.lo j,xu| .vty, ilH,, dorijiin.. ihu H.stic-ily of output 
as tl,o same- lor rcsou-vo-ricl, and resource -j.oor s.-.ools i. 3>o1- sensible. On 
tl)c oti.or han<'. If Pi.-.y be thai there are more inleractioiis Ux rich schools, 
and tl)c output. clasLicJty actually increases (i.e., resource rich schools are " 
better able to utilize a small addition to resources than poor schools). If 
this is the case, tl)C linear, fonn could j-.ive even worse estimates of the increase 
in Y for schools at one extrc-me or the otlier than the multiplicative fona. 

The general co.)rlusioj) about elasticity must be tlie same as about 
rates of cliange: Vor laij-e j^ulicy j^urposos, an average estimate is good 
enough. It vould not seem to niatt-.r materjally u],cther one esti.Pates elasticity 
from a linear fuiictio,!, witli variables at their mean valuc-s, or from a constant 
elasticity function, l-or si aicMncni ;,bout educational pmliK-tion, hoKever, 
<md for an idea of wJ.at io e.v])-cl: in schools vitl) input charaaeri sties dif- 
ferei.t fi-om the mc.u), 1h. di.riorenco does matLci-. Detailed siudies of extreme 
scliools would be; nc-c. sr.ary to detoiinine KJiich functional form best described 
the diajigcs in output elasticity ovv:r r.uigrs oT inputs. 

« 

HVv '■.'!' Ify '^'v'-'-.litui ion 

Tlie MirKi).al iUit. of Tclinicm Substit • Ion, (MUTS) between 'two inputs 
is tlK. j;,tio of tli- r(:;p..-cliv.- Cir.sl <le)-ivatiu of the production functioii. 
Hecalliii;,; tji.-i this fui,.. tio,i v,v>.s, in gcnujal, 

Y f(X^, ... 
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let U:; (lon>.to llic- JauIj;.! of f v.itl. i(;.;j).c.l. to Vi!i i.ibl.: >:,, jif; f. . Jh; 

J- X 

m:ui\\n:\l ii^'a: o£ Mihsl .i hii jui\ of iiijuits j fuj' hrpul i is 



r.- 

This is, as tlic ruuiio- iiiiplixs, tlm ratu at \<hUh one can siil.si i 1 ute two inputs 
vilhout sacririco of outpul. This is ;m obviously important concept. J-or 
cxa;:ip3c, from cciuatioji 3 above, the simple linear for.i!, tlic ::rTS betv.vcji i 
and j is 

h ' 

Since the tk-rivatives \;erc im1cj;c;<c1ejit of the levels ol tlie variables, so is 
tlie ii;arj;inal r::to ol" techiijcal substiUi- .ion. Ko matter )!ov.- i-:>K-h or ho-.v little 

tliere is, the sjuiK; amoujit of can substituic for a unit of X^, Icavinj; 
output uiic)i.-.iJi}'Cil. Donoiin". the .i;el.';t.ivo chanj-.e in tlie MRTS as the ratio of in- 
puts clianj'.cs as tlie hj<'V':Vj£ity.5f Siil^^^^^^^^ C, it 3s clc.n- that this 
iiifa:;ure Is infriiite in tlic simple liiu .ir fonii, rej;ardless of the pan-n-ctcrs : ^ 



n..; a..,.,r. ; -.<;;, is dV . (IX •» ,[\} d\-: 0. Tiicroiorc 

\AV X. ci:.. J 

\,V/ \" " > v/)k'1'u J\. jj.'J (1\ cioi'.nr ihi ii-pounls of X. and X. v.liicli 

iTi.'' r.i/li*''! ; it.'t.ctl iiih'C) :!/: coj*.ljli(»:i ihnt c*.ntj>nt jxT».:iri'' . 

' ih'j l\tv i irii;. or Sul^t-liii'ljcn, r , is «u*t'u.'!jly the n.-cipru/al uf Iho 



.1 



<i (i-j/iv/V'i 



d(i./i.j x:7x.- 



Bcforc discu3si)ig otlicr fonns, let us pause to tli.ink wliat tliJs. concept im - 
plies, and vhiiti- - 00 iii!p],i(-.s, in etluuationril procluction functions. The reason 
we wmit to SMhstitutf inputs is because ll.eir prices vajy Pi-om p]ace to place, 
or time to tiiPo. Tlio variation In no:iiina1 inpul mix, however, is not ob- 
served to vary in adjustnicnt to th.^r.-;. prices, 'liils is prima facie evidc;i)ce 
that schools are nut making, econoiiiicalJy erficient adjustments.^ On tl)o 
otlicr hand, it licmz-.s tlial the rnn-io of .<;ul)st ituLi on possibilities wliich u'e 
obsojve is very .Viiiiiiod. To .say th:it tlie Mia'S is constant - o:)) over this 
riin^ may not l)o a b;;d appi-o.xiiiiai ion at a]l. ] f y,, had mon; precise definitions 
of inputs, so llia.t kc could accurately as.sess il,o re;il range of vacation of 
instructional qua.lity, fro:, faci iities, peer influence, teaclics and other adult.^ 
then infiniu^ sul.stitnl ion bcitwecn inputs at a constant rale v;enld bo unacceptable. 

The introduction of interaction prodi'.cos an elasticiiy of substitution 
\fl>Uh d'j;(;;v!s en tl,:> eslii',aU-:V or tl)e- ).ar.„:.cU;r.-. of tl.e equation. For liquation 

\cvin ( I4j peir.u;--ivrly ;.rj;.v,-. tljat the market adjfsls ' vietlicr 
school-; du oi nM, t ;v d.ir.p..,.- bci,., in ihe q;..,liiy of Ihc inputs. •Jln.S, 
lor car, ;k., Wii-.e i l,e i.uukvL pi iu« ul i^.-.tl^sKu Vcs teaVlier:. is hirli relative 
to l',n;«,li;;h (e:.«I-j.s tn- y.ho'A ;,li<„,M pr:-),;.ps- p.-y moje Cur the Path tr.-icher, 
pvniv..; .subsfilu'e nuv h:.r.., ■„ wr. ives. Jiub.M-i lutino a non-lKith teachei and 
callji,;.;, inr pu....lio.. "i 1 I K,d" is i-r-, infernn ([uality le.swn.e. 'Jiiere is 
no reason to believe tlK'i ilns is a rood solution to Die sraicitv of inallie- 
nnti..'. tea.hr.rs. O.vej, (I'lj ;,1m, j;m-,..!1s evidence (liat scliool boards' do not 
con:-.( iou:;ly atle.iij)l to punljas/. (n;, lity Junuts. 
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This ol;i;;lic-Liy tends lo be smallest in al)so.Uile value when and 
X2 are presoiit .in aboul equal junounls, and largest wlu-n tlicj-e is moj-e of one 
input tlian tlie otlior. When c^^ is jio};atLvc, tlu-n soma values of Xj or X2 
could pjodiicc- a neKntixe ratt; of subr-tiLution. Tins iiK-aiis that ralhor tlian 
give up, say, X^ for an increment to X2, one needs iifld.i_tJ_oi);n X-^ just to main- 
tain tlie output. Surely no school waiits to have such an input structure. 
Once again, given tlie" range of variation we observe, this i)Ossibility is lui- 
ni<^'ly to occur. Ojie iniglit v.'a>iL to talcc exti-omc; data values fro;i! a daia saviplc. 
to calculate the range of rates of substitutioji implied. This is not possible, 
of course, in the siiiplr- linear fom. 

The linear fo5i„ v.-itli interactiuns then Ciin produce a positive or negative 
elasticity ef subsl i . iil ion, (iejv.julin. on 1 he value of the interaction tenn 
(\diere- Xj and X^ aj-c deluK-d so thai b^ and b^ are positive). -Substitution 
l)o.^siblljt^es t.end \v be g.rea 1 t ui/,"i tlioe is aji ahuiulance of one in)rut 
n-lative to llie oil - 1. 'Jhi-' is yvir jally cojr.-idered a iiiO)-c reasonable c)i:irac- 
toil:,(i'. of jMdd.ktion Di.in assu, in-. ;io c]cj;?ndence' of subsi " ' u( icMi on Die level-.. 
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of iij>)ulri. • 

The )r,;.ltipI.i.:ativo Ton:,, have ol.-sHcil io. j,, j.^ncral re!. fed to tl... 
equ.t.ion'.s par.nnctcr.s. A hi,.h (T indic.t.c. th.t substitution occur ot a 
rate whlcl) do.s not var) r,.uch over a lar^,^ ran^.o. Tlur. ^>■ou^cI sch... to ho, a 
desirable property of sel^ouls. H ^.v had refined data on inputs, we would 
aiot van^ to ck^u,, tlJ, .auation into existence. On tbo other hand, a. 
before, we could define variables as ran^o.. of input n,easurc.s, and derive 
different sub.tiU.t ion rates for the diffcnxa.t ranges. The linear fom with 
interactions and lii^jhor pov.-ers of variables is capable of as.unino. parrr,.eter- 
dependent values of in.porlant statistics, though of course the typo of dependency 
is restricU\l. 



Cqncl usi uns 

This biief di-.cussi(,n of functional foi-,.,:-. of educational production 
functions has baiely scratched the surface of this subject. It has gone far 
onoMrJ. to shov; the j..,-eat i^i^oriauce of the way in wJdch variables a,'e defancxl, 
In general, the sii;.pler ih. fund i una 1 for,:., the i.iorc de]>endont statistics 
derived fro-,, the esti.nated equation will be on the particular definition oC 
variables. This is, true m., tlv: si>.,olest adjustments, 1 i];o multiplica.t ive 
inl'-raction, io r-.r. , .j,.l icaleJ a.'ju.tMeiits Jihe detemining relevcuil 
r<HM,.. or input- whici, r.boubl be expressed as separate ^■ari^:blos. ]„ 

r-gi<,-r.i'.:, Mui-K-. t. d-,ie, Jiti le atlenl iu,i )ur, bcvn j-.id to the scaling 
O) K;n:;e of th- varj;,],!.,,. . tbo-.p!, a gre-i deal to ibeir construct ion in terns 

a ton<-tl^!;'r '''i'''T!'-^'''V'' '="'^^"'i''i^-''i"'vc- cc;':.'! ion, the Cobb Douglas, has 
a co)i.,tant C .. J. ilns dues ju-i ocnii- in general, howew r. 
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of C(kK-;itjoji;il SOS'-- -riii !,• I- -r, i,- ,• , 

• — .-.Vlc-c-qu.(u.m .fun., l,a.cl,v,, ^ ^^^^^^^ 

. tnod to shok thai effort in 

., ^. , . u«- r.=.-,ic,„ .,Hi ,1,0 

clcjjiiitxou of tJio varial^lf* oi. . 

«.o ,.o..o„ f,. „,„,,,,^ ,^ „^ ^^^^^ 

a rcs«„.c,,e. ,..e... ^^^^ 
UooHcs Of h« cncrc, „ 

not „ .,c„oo,s ,,0,., ^ ^ 

<'o: we <:„ „„, oven „.•,„, a *o.,t It. havo t,,«.„„.Ho.s,l' 

.•.von,8o ....U,.,.,,!,.. iKtKoo,, i„„,as ,.„. o.tr.,t,s ,*u-„ ,„ip,„t bo u.oAa fo,- 

-n,o pozic, ,„,,,„.o.s. But U is too ,o „ 

«o „ ,„„,., ^.^^^^^ ^^^^^^^^^^^^ ^^^^^^^^^^ 

chantcto,,.ti.c. or .Cools „„U„ ,„,,, „o ,.,„,,,, to „c inco^x-ct. , ,u,. 

8osti„« „ot o,.y 

-l.:.tocl i„ ,„.o.,„o,..,. U,UU „,o«,css i, „ .„^.,,^, 

Jittlc j.,;pc- of .SC\.'i)h' C-sUl,' ■;fS Vlnrl. h.,.. 

pro.-luction ri;nc-tio:^.s. 



•^'-Soc, for C.V..MPK.., ,,, { T ), orMcoJ ( .1 ) . 



ERIC 



T 



ni 



™ ^1ai.o,..., di.sc,..i„,, ^ ^^^^^^^^ 

..«Ho. „U, ;,„„,„,. ^^^^^^^^^^^^^ 

(» -nn-l^ s.,-,00. ou,„a.s v.-in. .i„„i. ,„,,„,,i„,„, 

uiKl (.1) uon-froiitUri o;.sciv:'Uol!>;. 

!.yi>l_<;ft,)p.,|.,_..,,,.l II,,. Si,,.,,,, l._,|„nli„n 

:if is ohvi,-,.,., „,„. ^^^^^ 

pn,<lucri„„ v..K„ u, l „ ,,,, 

>"--'M1-H). or „,.,„ n.u,„ „.H,M i„.bx or o,„,pu,. fo,- o..„:.v, <,„o 

dcnic tcs... (V,,;.,, :.„„,.,., „™,.„ic,l. .„,,,....„ t„o facto,. v.ci,,„t«, 

(,„. .vv..,,,,.) or ,„ ,„.,,„„ „,„„.„,,„„,J 

Ix- o,,,,„l„..,l ,-in, i„-oJn, ,i.„ rM,„tic,.s, i,u,.o.,|„,c.l i„ V:,n , . 

' ■^^••'y f'-r U.- ou;,u,< c^.l,;,;. F„,. O.V. 

1" n,..yZ'^;t^^^^^^ .\";:!; -v.";" s,„,h,..M,i.,s. •,)„■:,•, ,.0 

V. .c c-,:.,„-,i„i/. . ,. :, ''. ^-'i > 



can be iU'\orv..'1 10 oiv ir.c only ul 'loi--, n" fitc lo Dm; o\)>..'y, Icl us tu4 
what LlK'.,f H.o sdiooh; air Jil.c'ly to prvnica'. J/tluraloKs, for rousinn Kliidi 
] 1ki\'c never UjKlcr:;iood, iJjhil. Ll!;i1 ;i ccr1;rn) YM oi" cL'ss.sroo.n tkcorum is 
a neccssaj-y pj-troii<li1:ioji fur .lo;ij jihij;. 'Jlieicfojv Llicy Jifc lilccjy to c-.xpond 
their rc-.su;ijc-co on proJucijip. Dial 1x«]iavioi- first, und only aflor so;iic succo.<:.s 
will t])c-y )iroJucc Moro .acadvinic fifliiovcjp.c-nt. nctvccn cities, whore the 
amounts of n-.sourcos arc cortninly corroliitod witli .social class, v/e can 
talk of an cNjKinsion pail) of oiiLjiuts. This is dniwii ns the curved liuc from the 
orij'.in in l'"l<'.iuv IJl-l. Jt dtiscribes Ihe locus of points on successive fron- 
tiers, that is, the rdal ionshiji bctuven choice of ouljUits and tuLal lesources. 
More resources are ;r:.sutJaU'd will) ]r!:)re OKiphasis on oulput A. 

Kow considej' a 7-e>ji-es.<-.ion esl in-nt ioj) usin*^, as im oulpul , wily output 
A (if you v.i 11, aclnevein-ut ) . The appjojiricite output mcisuio from tlic nearer 
sdiool, for a_^pr(xluc(.it:n funct io)!_ e?-;^ri)hritio^^^ Kould not be the observed tobt 
score h;;d that sclicol ))roduc(.d ouljiuts in the saine proportions as tlic wore cn- 
do\ved sch(x)l. -Jhe disli-ncc- - sho.-.-s the a;,)0:!iit of ac.ade.;iic output v;l)ic.h 
wa.-. not i>roduc«-d only becan<,e ]P!n;:<>ei:i:'ni distretion, as opposed to the 
ajnuunt ^;hic1l could have l.>.-(!! jnoduced with the resources at hand. Only when 

Xll*^. '•■•>P:"'' )/;■'')' ' 5'i!". ;L "\''\'-]^\..(J>'tj^:!Ai!'>;:;:''''"^ pjeduci ion. Otherwise, 

we w:;uki Jiii-e to ] lln a:,'oun( of out]j;i! J'.' pioduced . aiid toi rect for it, be- 
fore; deleiiiiiiin;, 1m(; cfi \ ol tin- -A-.oui-cos in j)roduciii;', o^ilj'Ut A. 

Tlr- co],'!iti"i u J \.]ii(;i a fi-:c,d \;eii'.hl index of oul^.'iis c-'-n be used 
as ;) sin-'.li. li".:. ." e, is tl, i Ui-- ].j oducl i(.n fiontier il'.i-if he oC con.'-l :int 

'See, for (•>;.' •,],];;, Oi.fJi (10), 
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slope (i.e.; frontion; arc ptaaJle]). ]n that case, when uiic output v.-as 
sacrifjc-eJ ior anotlier, the ;ind.:x would not ch::ngo, mxuv tlie denoiiunator 
of the slope as the vertical axis weig])i, tlie numerator as tlie liorizontal 
axis weight. Tlrls is clearly possible vlien the production frontier is linear, 
but it may also be true if tlie curves are "parallel" and' the expansion path 
is linear. Thus a linear expansion path or parallel straight lino production 
frontiers are alternative conditions for using a single output measure, the 
latter case allowing a non-linoar expansion padi, if v.-e index tlie outputs ap- 
propriately. 

The outputs considered here, behavior and academic acliievement, are 
exaggerated l.y different. Within the sphere "academic achieveiuent," however, 
output differences are easy to observe. Shaycroft, for example, gives us 
correlations among /19 different output measwe;, in both the ninth and twelfth 
grades (as well as test-retest correlations) separately for boys and girls/ 
Anong all the tests, I hove looked closely at the three v.-liich she brackets as 
"Mathciiiaticr. Test" and the five bracketed as "linglish Test." Hie highest 
correlation within the mathematics test batteiy for an age-sex subgroup is .74 
for ninth grade boys. At the twelfth grade, the highest corjclation is .64 
for the same two tests, the arithmetic reasoning and inteniiediate high school 
math. Within the linglij-.h batteiy, the highest correlations occur between 
punctuation and Jlnglish u.;agc, at .63 for ninth grade girls, .60 for ninth grade 
boys, and ..'i4 for twelfth grade boys mid girls. ^ Mj-r^Al individual tests in 

1 * /'^'^'^">'^'''y^"f (21), Tables C.la and 6.1b. In this pociOiar I'roject Talent 
data there js no information on the race cf the child'cn. 

S. . 

Twel fth grade girls actually related the piuidualion test sliiditly bet- 
tor with spelling, correlation of .55. 
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the linfiHs). riiid muLl.ri.iatifs iKnicrics, tl.o hiohcst coi roldLicn.s por subgroup 
occurml .-n^-ayy. bc:tKcc..i punctiMtjon .-..kI cither ririthnictic rccsujiiiia or intc-r- 
mecUato higli sclioo] ii.aih, alJ hi};lic.st scores in tli(> .60 to .62 range. Tims 
variations in sc-ores on one UrM are not extremely we33 related to variations 
in scores on ano.tlier. (Averac-c correlations were considerably lower, in 
the .40-. 50 rani;e.) Mietlier tliLs is oxp]ainal)3e by inherent "talents," by 
background, or by resource specialization in scliools, it is a good indi- 
cation tliat, at \hc margin, resources (liome and sdiool) produce one output 
or tlie oLlicr. Of course an addition to resources can produce more of all 
outputs. The curved c;xp.Mnsion patli in )-igure lU-] indicates that more re- • 
sources produce more of' both out];uts A and B. Tlius one can ax]x;ct con- 
siderable correlation between output scores. But tills correlation will be 
reduced to the extf>nt that different children are in systems with different 
expansion paths (even if linear), in systems with schools with varying re- 
sources and a single, but non-linc-ar expansion path, oi- just in homes which 
stress different out j nits. 

The question remains, how(n'c-r, if witlajjwi_ cit;^ resources are dis- 
tributed randomly enougli that an cxj.ansi( i path is essentially linear. F.ven 
in this case schools may, indeed, choose to produce diffeient outputs. Sup- 
pose we observe tT.o wc-11 -m .naaed s.rliools with the same inputs producing diC- 
fercnt amounts of tlie output. Tlie output measure in the regression is the 
hori'/.ontaj axis, and thv sa;.K- air.'.unl of school j-esouir.os a)e observed tt) pro- 
duce diffcrcnl aiPouDlK oC tlial outjMit. Suppose the rc^ason for the managerial 
discretion anj,,-ars in (.ur data as a "bachgiouiid" variabJu. Then sane part of 
the estimated ],iodue.t ien relation bet\.-ev;n bat1;ground and nculomic ?icliievoment 



ERIC 



35 



actun]]y -.uidicifos tluil boliiivioj' v.ai; accoptnl-.lo, ji,k1 thcrcfoj-o tin; output of 
tlio sclioul v;ar, focusca cm tiic niea.sujc; wu arc usJik;.^ Tlic soc.ia.l cla.ss inoasuro 
jjicks up tlic crroct ascribocl to ir.auaacrlal di.<;crcaloii in V^>uro III-I, ajyj its 
coefficient is bJascd. llov;cvcr, tlic scl)ou:i cooffjcicnts may r.ot be affected, 
according to the as.sui:ij.tion tliat this discrctioji is randoju with respect to 
these resources. 

Tliis, of course, overstates the case. It is unlikely thaf resources are 
distributed equally witliin a cjty.^ If one can argue tliat they are niorc 
equally distj-ibuted witliin tlian among cities, tljen this at ]east argues that 
a one-city analysis vdll be less biased. Since it is difficult to make tliat 
argu'iicnt until ojk; knows v]iat is a resource, and ]iow much of a resource it is; 
and since the effort ]iorc is to imike that detenidnation by estimating production 
relationsliips; tlic wliole process seems circular. I wil.1 tlierefore flatly claim 
tJiat resources arc more equuliy disLriljuted williin than between cities, by 
social class of cJiIId. 'Jlii.s inakcs the one city analysis sec:, viable, though 
not- cidmirable. As noted in Pari 1, the best data sample would have already 
ascertained tlio output focus of the scliools, and chosen those along a single 
ray from tlie origin, covcniu!', a wide range of resources. 

In conclu.-.ion, it generally appears iiiadmissible to investigate one out- 
put or ouiput iinlox Willi !! single equation regression. I will indicate in the 

• 

^'or course. Uk: l)ack;-, round uC the, school might be the relevant measure, 
but sjuce tliiL .1'. high!T tho Dsojc l.i-h social cJa.ss children there are, the 
socj.al class cf the child is currclalcd with that of the school. Hut not all 
Kiudf'nts are li(:,!icd alik;', so ihat eve;)! within a lov.er clas*. sJionl a higli 
class student mitJiL receive rn acadvuiic focus, if it is instituiionally possible. 

7 

^ ] h ive given cYjdcn<,«; tluir within liaslmet resources arc correlated 

^ath social clan.';. Sec Mich- Lson (l.SJ. 
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next socLion how one inioiu iK-crr :io,iato .suvoral output.. Since Llic nvajov oHoW 
of tlus p:ipcr is cHrccU-.l ..L o- : /niu; rion, uudor djlTcvuiL spcci fi.cations of Vho 
production relacion.';li ipy, ynJ y.jjice tlicse po.ini.s aro valid Klunevov ouiicr cbti" 
mutiny pnx- arc ai!j,loycJ, no i.oru' inL-ntion of sji.ialtancom; osLuiialion 

of niuJliplc outputs w.i.ll be jiiaJc- afu-r the next section. 

In a rcrc-jit U. S. Office of liducat.ion volume, lleniy Levin and I pro- 
duced simultaiioous eciuations csLiiiuitiojis of several outputs, usinj; the Hastinot 
data. The major focii.-, of ouj- i!iodc:ls v;,-is an attc:mpt to incorporate attitude 
variables into the- producdon ostJinalJon.^ In this cj,so, attitude measures pro- 
duce tost sc()r(-s, and test scoj-es pjoduc:o attitudes. AUhou^-.l) this no doubt 
does not actually occur si-;:!uJtaneoii5ly, u sir.iultruieous esfini-U ion is rO({uired 
if It ocnu-s v.'i11iin the ti)i;e period of our invest i gat ion. As tlicse are 
models of school product iun, froni fin.;!. tliruuj'Ji tlie measured grade, certainly 
attitudes and outco;iie,s li;;ve in icivu ted, .-ind are c.onsidcre<l "sii/iuUanc'ous" 
within til- pj-oduction period. 

The need for a r.iMnJiancous e.=<;iniation of separate outputs vhicli are 
not inputs into ericli other's pn-Juct ion fu-ictioiis, is su;neH'i-,nt inarc complex. One 



•Sec I.cv'iii (JSj, ;-nr1 Mici)(!l.-,Oii (Jf.) 
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l;o,:le-. iK.d j^L'. ie;!,1y coi m-' I 1) noted that' incli!'\ioii of at i i UiJo )!!ea- 
sujus .11)1^0 a^siP;;1e ) , .n^;; iuu ujo.-ii in; j)ro(<'.;".d bi;!-,ed estimates, lie dij<n-iiy 
est iJ;-n ..•(,• J eui/ fni., c•^.> 1.; !1„,. ;);,. , , ^ •) { ,,, ], . i;;:;;,.;,!,, OS fl), TliO advju) L;m«.- 
of s,iMni;!)i<-o'u, (-.lii.. ic. ir, s, jjan^ie (Ijc dijvcl efftcl of scho.W re •ources 

on a.-.-..i. >;u.: ;i(hiev. , .ci | nj : \h'>.-( oj.M.'tiu;-. i'i>'i red Jy tJiieuuh ait iludcr- 
as veil a<. l:o e.. i j,. , 1 1- cffcMs of rcource:- od i],e cit.ti 1 ud^;s, v.'hich could 
be the ir.ii'irliini outpu; ii^M .ure-. 
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wonJd vu.il to cojiCrol ioi' ihc pioauclLun of scMu other oiiLpuL .in os.sc.-.siiv; 
tho inlJr.-jicc of tlio r. :-.(>urcc.s on llic onlp'it of interest. Thus i\ ne^;i:livc 
rclntioDsliip H-ouUl be o.\j,ect(.J bctwuoji some outputs and otlicns net of the 
infJuoiico cf the total ii./n'oi of re.sourecs wlilcli induces a pusiLi.vo re] ;U ion- 
ship bctvceen outputs. 'J lie be<;t VAy to do thus, as has been indicated, ir, to 
choose data points aion^; a- linear expansion path. Otherwise, the pioccduio 
for unbiased cstiniatiun iuvulves a two^stage rojrrcssion equation, in which 
altcrnaf.vo outputs are cunsidoj-ed cndoKcnous in an estimate of tlic output 
of intei'est. 

The relations)) i.p batv.'oeji ouljHils in this system is not a production 
relationship of t.lie sort "a positive scTf- image produces hi-lier recdinj'. 
score" and "a hj};her leadinr, score produces a positive sc3f- image." Rather, 
"given the resources observed, and the ;uiiount of output B v.-hlcli these re- 
sources oj-dinni-ily are associated Willi, amoiuit of output A is produced." 

IVo stage least S(.uare.s v.'a.s tJie a1r,oritku used to solve the simultaneous 
systems in the refcrciu-.es given above. The reader is rcfcr/ed there for mure 
explanation. The ]>oini- hero is tliat , despite the different inlejTVOtation, 
several outputs can be inserted into one equation with propei- estimation tecli- 
niques to derive resource effcHls on one; output Jict of tlu^ other. 

n is doubtful that thi;; techniciue could Ik; us.fuily e^iiployed to deter- 
c;apiric'.:i!y Uie r.ia-v.i ,,,,1 t r:.d'- of f ' s betv.-ecn outputs uni i I ■l>o{;ter output 
casu.c-.. arc avait'l-le. ■Jl....-«: i 1 ce.tai.nly W a' good deal of work on sdiool 
output vo-.sui.:. iii tl..: fuiure, ,noLivated ],y tlao iacl; of ref.t ionsliips between 
cnnent output .v.-.sun.s .•nd. .lalcr- ii fe su.ccess.^O Wilh those belter measures 



iiune 

lIlC 



.10 



ERIC 



'see ]'.o;;1eS (l) , lor exa.'.pJe, for so.'.o evidence on tins qu-slion. 



\;o will laao hv further nl-jii;; iii oi,f im;!t in;j, prcxluclioi) fujietions, ami wilj 
be able to atU.v.j)! to tall; iih'..Kit a piochicLioji ^yiiiou in Klijch several outputs 
arc pmlnced by theii- J-JenUficd uiuations, Jiml a solvable i;ct of equations 
is cst.ii'iatccl. 

] sol at irii) rronticr ScOwo.ls 

Wc observe output in children [ran several sc.hoolij, not alJ toclmicaUy 
efficient. I assunc away tlie tj-ivial case vjhcre the difference between the 
efficient output and our observed outjuU. is a constant for a]i scbooi s , "^-^ I 
will discuss the fo] lov.-i.n!; two exclusive and exliaustive cases: 

(1) Inefficiency is random with respect to all the variables ve measure. 
Inefficiency just strikes some scliools, or some school districts, in- 
dependently of l)ie nominal charactei'i sties of tendicrs and ])rincipals, 
and independently of tlio social class, race, nativity, etc., of tlie 
school population, 

(2) Tnefiicicncy is related to sonic cJ)aracteristic vdiicli wc measure. 

In tlie first case, est iuntes of the "froirt-icr" of production from a 
given set of inputs wilJ slricMy sinaldnr, noi be the frontier at all. It 
will be a kind of aveia';e oui.j^iit aliaiiiable i.itli an average a'nount of inef- 
ficiency. This is inhci cni. in cstii..;il jon tcdinlciues in WiiicJi the "best fit" 
places the; fitted hypcrpbmv yjlhiji Lb" data observal ions, ininiDii/^ijig a measure 
of err.ji- butli above and I'.h.v ihe obs'.-i\ed oui])ut. 'llio solid line in Jijiuro 

_^'vjjer( the lii: .-n- To i.i is used (.<■] tiaiisfuniivd variables, and a;; 
loj;a;ith.i- of obsei val ioii-,, I a:.:-.i'i;.- th;- technical 'IncvCf it: .i( j icy is not 
dcscrilv d by a sb^iilai tiaij:r'..ji,ia( iun. 
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lJJ-2 ;i l3u:.U-alcy a typical n-o.rcsi.jcn fiU"''^ However, Ihc dasli'.'d lino in 
cUcaLcs a snvjoth 1ck:u;-. of wax uuiiin ub.sci vat ioiiS. All "orj-or" in-.u-.L lo rv- 
Auc t ions from a true { j-ojit j or. ' 

Tliis fj-ont.lcr is not found by takiDj; all liigli outpul. o1)Scrvatjons. 
Point "a," for example, lias a lov.or Y value tlian polnL "b," y.-L "a" is on 
the frontier, whereas "b" is not. An easy way to fiml these frwiticr scliools 
is to estimate the solid line, and consider only schools with positive error: 

A 

c = Y - Y 

defines erj'or. 

Div^ide cnch vari;jb](*^ into rani;ci;, and find the scliools v;ith the largest 
error in each Km[',e. TJiis gives a ser.ios of schools which do butter tloan ex- 
pected, \;hcre by assuii^ption tlils is not because vo have ontittcd soiiic important 
variable, but iKcause these sclioojs use tljcii resources most efficiently. 

Since by constructio}) incf ficlejicy vas randon^ v/ith respect to the 
characteristics, the sam])]c of-.ITicier': schools should be a randfvn subsaiuple 
of the cntijv dat.a set. Jiifn^rences in both the level of the fj'onlicu' and 
:l?i;JL^'. ^■^-'^^^ respect to aiiy X^ vaj-iable ijulicate an advance in precision oT 

12 

Tliis .sljould l)e eoiir.idoed a partial rel at iunslii]) v:])eru- liic other i7jp\ils 
are held eunsl;i:i(. A one inj.-j! ];rodn(i ion (ujiciic^n v;ould nol ]io vciy inl erc^l "U'^' . 

"The ])r<>l)l(:Mi o( !:'£;''>.^ V'^ ^'ny}% Kli'cli can sliJt vary r'j'ound t]\c froji- 
tier, ii» au liciv.. l,e aie c ou.sir'cVijMi dirrei.aicea ]\) c^ffu it::icy cis ca;atin^i 

n 1 J lliu ohs' fvid c*r>\w, J 1" 1' '*ri*a!r(\'i }{ n'ror is l;.i^:u j'clai i\'^^ to erficie.uy dif" 
ferei'( f j-ral j)0'. .il)i1 i ly eoUv.ational daia- Ll)en this pruceckue falls 

to iNcJate fionlier .^<1i'jj1s. 
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the c'i.tiiiiiiLioiu'^'^ 

OhL' could follow tlic Siiiii;' i)U)<.o(1niO undf^j" case ni)jJibor 2, v.Ikmx' in- 
cifficicncy is rol^toO to a irx:a:;urcc1 Jj.'u .'U'tcj isLic, ' ^ hovcwr, 
there arc tv;o jnujor' problons. Tji'!;!:, to tlie oxifnt that i,s .in fact a 
'proxy for tochnii'a] of f JCjc^L'Cy , IIaoh the remainini; obsorvod ciTOr must be 
measurcinojit error or duo to vaiii.blos v;e have failed to measure. As men- 
tioned above:, this error is lei;itimate.ly fouiul on both sides of tl)e'"fron- 
♦ 

tier/' 'iluKS clioosing positive error schools is a matter of chance, not of 
precision, h'urthermore, tl)o sample that will result may not he a randoin sub- 
sample of t)io original .population, but may be those scliools v.'ith high values 
of ^y^^^ A regression estimite on those schools will hopelessly confuse effi- 
cient management witli the S])ecific abilities of these pupils to progress with 
or without. ofTicjont 3iianagc;.;';3it , or anytliing else thai: stratifying on 
mi gilt aocoinprish. Thus if wore social class- -i.e., if the ujiper class 
schools ))ad bottcu^ n^sourco rai]);^);c2iK;nt (for the outputs considcxxl) tlian 
lower class sclioolr.-- thoj \:o would liave jio way of estimating a frontier for 
lower class sclioolr.. 

If, in addition^ tlio^ schools w)Lh belter resource management also have 
more ijipiits, thc^ii tlie 0Ai:;UJire oT LhoiA- injnits will appear wore liiglily cor- 
related wrll) outj/.its than Ihey would be ujider average mnnagomeut. ]t is dif- 
ficiiH to teU wlieilivT Ihvre is a real difference i\h'^0)h^\ ])rlj)cipals * abilities 

•^^'jlelerosced'- iu-ily, \.']Hch i:; (. < •''iionly finr»ly:'A!d a^; iio^ al'lc^.-t tlie 
sIojKr of a je^uc si^H . si i^al-.', v.'unld ii ir'edly affev.! ihc s1o;)vs lieie. J 1* 
varfe) increa'C t \;ilt \p !or c:t',)K>, thm LJk' oiiginal h^ e.sl imate wo.'ld be 
lo».ci iii'Mi ih ri\ ls(^l t'. e:.{'p'Mie\ :;ujollie te-s, oae couU! jiol say tliat erjt»r 
war; coj-reJ,d<\d \:]\h \. -a vio!aiir»t of ihe iis: ln;p^)on^ of coasi met ion- - iJ Ihe 
oiiguial -^.'^ d'lst jv. variaixx v;a.s tiuly S). '.i.^lrical arou}id tlie. fitted i\ 

gre;vuon \rr/\ 



LSirS '''Jhi , Will ha In:- it thv I rn- ! c lal ion:'hjp b.iweeji X, and oiilp'.il is 

mull ipl W " f i V. , t!-'(^;j^-:;r !• r. 



42 



to r.m:w,c LlioXr ro-omvo-., in \v.n?s of pjoOucJns ouljjutj,. To tlio oxUnl iljijt 
lliis is true, jiixl Kiio-n, it- \di:i ha rcHv-cUx] more in analyses iuvolvJu:; more 
tlian oii-o vlir-lricl, lli-iii in .•HKi|y:,cii coiirinc;.! to one district., llio nrgu-uuits 
for tliin ]>rob3cm ol" iiiultJ- cli strict ana,l)rA;.s liavc alrccHly been prescnlod. IT 
the real ivsourees jun-dia.-eJ vaiy k;tv,voj> disi.ijch,, lliej) tJ.c variables rep re - 
sentiuj'. social class (or, )jossibly, raee) viM ineorporalo the managerial 
p.aii..s in tlieso dJslrlcLs. A imilti-district. study, tlion, corro^j)onds to case 
niiiiibor 2, v;liero technical elTicioHy is correlated with variables in tlio 
faialysis, probably wifli sori.a] cla<-,s variables. A frontier eaimot be dc- 
toraincd, nor can tlie cfiocis of "social class" variables be inteiprcted. 

Witliin a district, as 1 have arj'.uod, tlio situation appears to lie 
closer to case niuiibcr one. Princij)a]s urc probably approxij.iately rando;iily 
clistributed v;ilh respect to tlieir technical manaoerial ability. An attempt 
to locate true frontiej- scliools aj.-poars in Pari IV of tliis papei". 



^^^^ 



IV 

and iMvc ,v.n s(uVi^.; H and .,0.,., city, Xunh.ot, Jo,- .0./ 
^''-^ I-i-- I'^vsonts Uk. n.uns u.in, .o.iol.u.l ........ions 

- this .s..p-,c, .nd .1... n.., .esul.s uH., . voV.ot, of functJo.-.l 
fou.K. i„ t,H. scVtion.. ilK.i: roMev J .iji p) dis.-.-s the on.ln of the 

v:hic), wil, a,,..-; (2) dj.sa,:.. th. 
errcci of usin, ono ciiy; (,) p,.,,,, ,,,,,,,, . ^^. .^^^^^^ ^. ^^^^ 

ociu-:t,lo.s for tKO cli.fc,v,„ output .....n-cs; (.V; j,tcn.ti.on tc... tl. 
-'•'P'-^- fo..; (S, con.id... 1 v.,ns o,. of t.ho vnri.blc. ; (6) .on- 

sider s<,...-n-ocl t.cr.n>-. and int-c.ra..:tiou,..-. to,oi:hcr; (7) .ffcnpl to J.o.l.lc fron- 

tier ol)«rv<-itjoj).s; aiul (8J .-i-.-.o';'; tk- rf^nH.- ..-4 1 • 

^ J -.t..... UK jcMiits .lud coiicli,;,jo!is lo Ik' diYHcn from 

t)i.is oxpfrii::!.-])lat.io]j. 
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'Ilicre is no Avay to know in kIkjI; year a pupil trans fciTod into the 
sclioo] he is nuw in, and of course tracing pupils to other scliools Kould not 
only liavo been expensive, but in most cases virtually impossible.^ We do 
know, for our sixth grade Scunple, how majiy cliildren liad been to otlior 
•sdiools; the present sample eJiininates tliosc that answered that they had 
been in more than one school.^ 

We divided the sample by race, eliminated those children who reported 

no sex, those in*scliools with incanplete records, and those in suburbs of 
7 

Eastmet. From a city and suburb sample of 4505 cliildren, this left a sample 
of 1055 black and 'white children, of which the 597 whites are used here. Of the 
original 36 Eastmet city schools, 35 could have appeared in the white sample, as 
only one school was all black. Hov/ever only 30 schools survived the pruning. 
Several scliools, in fact, are roiwsented by only one child. In previous regres- 
sions tliis has not been a major concern, but in this paper it is. 

A major problcMu when one wants to estimate a production relationship 
is detennining the appropriate production mil. If each unit is an observa- 
tion, then eacli unit should have .equal weight. Mien we are talking about 
average relationships facing children, then children are the appropriate unit. 
Each child is equal wei;;liled, im6 his situation is recorded. If many children 
are in the same situation, but respond differently"-i.e. , have different out- 
put scorers, but the sam? iuputS"-tli(jn the correlatjon bet^ceen inputs and outputs 

^'Iho major question hviv is wliat if the student cajiio from a school not 
in thci origin::! sai.ipK'? Should school -wide data be collected for that one 
child? 

^Tho question read: ^'llow many different scliools have you gone to since 
you started llv^ first gra.l' llu: first possible miswcr to tliis qucstioji was: 
**One— only this school.^' Only children who cliecV.ed this answer reinain in our data 
santpl 0 . 

7 

SoHK- schools sent, Cjjv' set of rccordfi, say, from childi'nn, bu1 not another, 
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is mluccd.. Althcuo], rc.card.ors vho i..sc j,idiviclual data as opposed to 
gm,)cd data cor.,p]a.in that tDeJr ^ j^^,^^ ^^^^^ ^^^^^^.^^ ^^^^^^^ 

them), it p,-operly is so, for it says that these children are not subject 
to a nm relationship indicating their test score. ^ Although sUtj^ti^Ol^ 
one likes to have a perfect fit of Jiis regression equations, one does ]mvc' 
to wonder mor^l^ Kliat kind of a world it m.ld be if we could predict per- 
fectly a cluld's reading score from biowledge of his social class and scliool 
resources. . Hie we get are high enough. 1 would be frightened by a more 
detenninate world . ^ 

The task at liand is not to estimate relationships averaged over chil- * 
dren, but to estimate tedmical relationships of production. In this case, 
the production unit is the scliool. liach sdiool should have equal weight. On 
tlie other hand, each child should be allowed to enter his oioi background. 
Hiat is, some correction can be made on a per-diild basis for differences in 
quality upon entering tlio production process, and differences in ability to 
respond to t))e production process. As l,as already been indicated, I can coiTect 
fur both of these effects to sa.c. extent, but J caiinot easily distinguish 
between them. The following fonnula weighted each sdiool equally, and eadi 
diild equally witliin eadi sdiool: 

whk-h i^HVd!;cvd^''^V,l:"''■^•' "'"Vr'" ^ of error in individual scores 

sin. 'l'/^'^"''-^' ^;>' ^;«'\'P':'r.. Jf error dominates the individual child rei^res- 
Sionr., tluy arc of no adv. ml. r.^. V.b do not know thai thi^ is the cis how- 
ever and nnt ,] so..-one shows thai It is, 1 will cont innc t^a • U the lo ic 
whjch calJs for usiny xhc i.ndivi<h.a] variations whid, wo can observe. ' 

line-.r ^\ I'-n'' '''' 'r*''''^'-.''^"''- }o that the world is, after all, 
Jincai. I v.xJ] give cnon.ih ovh.,r,(v below to dispel tliat notion, howevei-. 
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. . = nimibor of chUaicn m school j 

.W.. tool: the extreme values of 19.90 (for the one-cliild schools), .13 
(for the largest school). Some children were therefore weighted over 150 
times others. As shockingly explicit as this weighting is, it is not un- 
usual . Those researcliers wJio use data grouped by school are doing tlie s^iiiie 
thing, except they ignore intra-school variation indicated by background 
variables. Unless they wcigJit tlieir observations by N (or one could argue 
for ^'N), they are using per-pupil weights similar to those used here. 

Production function cstjjnates, tlien, require a different kind of data 
set than was collected hove, I am correcting as well as I can for that deficiency. 
In a survey designed to produce data for production function estimation, we 
would want to take a represejitative sjmiple from eadi observation, to try to 
get approxijimtoly equal-si .ed samj^les per scliool. In one school this might 
mean sampling 1 in 100, tliougli in another school the sanple might he 1 in 10. 
There is no need to got more observations just because tlie school is bigger, 
if it is treated as a pi-oduaion unit. If tlicre are economies or disoconomies 
of scale, tliis should be indicated by a scale factor. If different kinds of 
children go to big than to l.ittlc schools, this sliould bo corrected for by co- 
variance tcd,u.i,iuc:s. )5ut the theory of sampling for production information is 
diffeu-r.C froM tlial used in Iho nm rc-pori , which was inv( stigating avcrngo 
charact-eristics of child-i<n. Muhil.o children must be treated separately. i„ 
produLtion fiiiH-tio]j esiij-Hal .ion, or not at all. 
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Pour kinds of v;ii i;il)Jc-; lum; bocji defincxl. l-'irst there are control 
variables for sex and a-,c. These are binary coded variables. TIk- cliildren 
arc in tlic sixth f.rado, wliere it is a vell-knowji phenomenon tliat girls do 
better than boys on adiicveiiifjit tests. Students who reported tJiat they were 
12 years old or older are scj)arated by a binary variable. "^^ 

Second, tliere is a set of student background variables. These control 
for the quality of the input upon entering the production process, for con- 
tinued production during tlie ])criod of sdiooling, and interaction with resources 
in school. An Jndex of Possessions, the child's report of his Father's Edu- 
cation level, tlie cliild's report of tlie number of People Living in his Home, and 
his report of wliether he attended Kindergarten appear as background variables. 
Four school variables are used as produ:tion estimates: Teadier Test Score, 
Teacher's full-time Teaching Lxperience, Teadiers' Racial Preference, 
and the Principal's report of wliether the srfiool engaged in tracking. 
Tcadier's Racial Preference is, as it says, a question which asked w]iat racial 
composition tlio teadicr pi-ofcirred. A higlior answea- indicates preference for 
whites. The Test Score was a 30 question vocabulary quiz. 

llie tcacliors wra selected for this simtplo if they indicated that they 
taught in the tliird tlironyli fiftli {;j'ades, I'heir individual responses were 
averagc^d, and llic avcaajie ai>j)licd to cacli studoit."*^ Teachers in the third 

10 • * 

Othc^r roniu> for a<\c' var.i.-iMc were exper.iT;>cntod with, hut in a 

hinary c'ojc»d^cJassj f ical ion a varial^h^ dc?i}ol .ii)}^ except iuuilly yomi) cliildrcn 
was )iot sij'.nif icajit, whcjvas tlic one for old cliildren v/as. llius this one 
binary variable sufri(.t;s. 

^^In luture voil: by J/oviu <nid n^yself ko v;il.l discuss the implications 
or this^avcrafiinj;, v;it)i some estimates of tlio kinds oi observational cri'or 
it caji imply. 
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grade reported tlv^y liad jiot been in this school when tlie sixtli j'.rade 
students were tliird {graders arc not eliminated. There is a bias eitlier Kay: 
to eliminate tlicm would make the saiiiple too old and experienced, as there is 
a good deal of turnover of young teadiers . Ijicluding them makes the sample 
too yoimg and inexperienced, as to some extent young teachers replace old. 
Furthomiore, the biases arc different in different sdiools. Tliis means 
that a really careful data collecting job for production estimates should 
collect data on teachers wlio wore tliere, in lower grades, when tlie students 
were. 

Tlie final varial>lc type is a binajy variable which describes a certain 
amount of interaction. By listing tlie sdiools and tlieir characteristics, I 
was able to discern four in whidi the sdiool resource meaiJures were somewhat 
low relative to the social class of the students, and four in whidi the re- 
sources were quite high tliougli the students were of quite low social class. 
For each set of sdiools I defined a binaiy variable if tlie student was himself 
of above average social class, and another variable i£ he was below. Thus the 
student's class is interacting with a general description of the match between 
his school's resources and his peers' social class. Of all these variables, two 
survive into this exposition: ili.Ses-Lolles-MJPeer indicates £Ui above average 
social class student iji a sdiool with low values of resources and middle range 
of peers. I,oSes-lliUcs- Lo]\^or indicates a below average student in a high 
resource school, with Iok class peers. * * 

« 

Mccias .'inJ slandnrd dcviatjons nrc j>ivon in Tab]c lV-1 for the two output 
varinhlos am] the scl)oo] viirinblos. The inc\':ns hi tlic first t\<o colmims i\yo cnl- 
culatcd per du^^^^^^^ 'Iliat i*s, this is not tlic avcnigo tc;jcber characteristic, nor 

12 

Another yruup liad liif;)^ rosonrce values and middJe social class. 
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on t„o ... ,,,, ,„,,^^^^ - 

, „,„ 

school rocon,.. V. ..Ko,„..sio„ ,S,™,p,e" co,.„,., „e ave„.,«, o..; Co SH. chi,- 

-prosontoc, ho.o a,, so close ,.„c,,a.e the o„c-sd,ool „„1, 1„ cont.l ' 

cu, .oprosonts hi«ho,. porroo.i„8 chii,„„ 

mus «,o ..oan .C0..03 a. l.,o. the clt, th,. the but h.«he. ™„„, 

one school duia™ th., «.e.tha„-o..e sd.ool chiH.o„. a,>d these Ci„e™,cos 
. about balance out. Similarly. Teacher Test Score is lo,,er i„ the suburbs than 

xn the city, hut higher in the c.ty for these children than for the entire s™- 
Ple. lIXT^rience is lo,,er in t.,e suburb. anC this difference is not corrected 

by lakiiifi this select .scuuplo. Siinilarlv Tm^i-; , • 

J :>iiniiarly. Tracking is more prevalent in the cen- 
tral city. 

r^o third co3,», of Table IV-l contains the ,neans of the ,«ightod vari- 
ables as they actually entered the regression ec,uation. l.ese are averages over 
schools. Apparently the higher scoring children a:, in larger schools, in this 
sa,^le. tha,. the ,«er scoring children. Since, as the ccnparison of col.»s 1 
and 2 sho..s, the p,.pl,s are representative of the Bast«t sa.,ple, the question 
. arises vhether the scj,oo,s are reprosentative of t.« ,,.t„.t schools. I have 
not been able to dete„„i.,c. the extent of rep,^se„tativeness for this paper 
• Since there is no tes, of the representativeness of the enHre nast,..et s^nple 
U ,s not clear how ,.„.ch i„r„«.tien v»„1d be gained by kncvinj ho. Ute the 
hastjx't. s;imp]a tljc, .siib-s;;),iplc; is, ' 

Additional va.iableH win be <lefl„ed bela,, but in all cases they are 
transforations of these variables. ,*at a variable ,»ea„s should not be con- 
fused with it.. nan,e. n.e facM.,,; va.iable. for ex.„p,e. defines 
schools. IVenty-two schools had ,he va„.e 2 (trncK for al , studews), seven 
^ the value 0 (no traCh,,.), and only one betueea. But what characteristic 
ERjC- 'Hese two groups ...Ve.-: (he,, di.7e.ent is not neces,.:,ri,v .ho dog,.,, of 
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tracking, IiKlood, all tlicse scliuols probably engage in a ioiin of tracking. 
Tlic difforenca could ho in the pi'incjpals vho admit it and tJio prijjcipals wlio 
do not, or in any number of luiijitagjned characteristics vliich liappened to be 
picked up by tliis classificalion. For tliis reason, I will follow this con- 
vention: V.hen I m reforr ij7g to tJie variables in tlie equations, I will 
'capitalize them, no matter what the context. Tluis Hxperiencc always means 
the lixperiojice Measure in my schools, wliercas e;(pericnce memis real teaching 
experience. I will simply avoid beginning a sentence with the word Kxperiejice 
if I mean experience. At times I use different words to mccUi tlie same thing, 
sud) as Preference for Miites instead of liacia] Preferojice, The mejining should 
be clear, and the capitalization rule will always apply. 

Tlie On e C i.ty Sa;nple 

Most analyses using HliOS data use miuiy cities. Some, in fact, like 

the original presentation by Coleman and liis gllies, do not even investigate 

13 

the city representation. Tliere seem to be good reasoiis to include a number 
of cities in one analysis, and good reasons on tlie other hand to study one 
city only. Some of tlie differences in results are revealing, and deserve some 
exposition. 

In Part III the ji:i])()rtance of kjiowing tlie focus, the object of the 

school *s education was e:<j)!ained. 'lluis, for a crude excunple, one would not 

♦ 

mix academic and vocaLiuJini or teclmical Ingli schools in tlie same production 

•''Ve are never inrojr.'vd, for example, how majjy schools are rei)re- 
scnted In Co]^;!^•ul^s sa'iijilc^ of lUUO st]i;lonts, nor, besides'laVge regions, where 
these scho(;ls are. 
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fimctioii aiialys-js. One mialit expect tlirU different kinds of cities aim at 
different kinds of outpuls. That is, at tlie high scliool level—and therefore 
indirectly at lower levels-- tlie politically dominant group deteniiines the 
focus of tlie scliool. That this focus is real and definjiblc and political caji 
easily be seen in cities which change their nature. Brockton, Massachusetts, 
for example, in changing from a blue-collar to a white-collar city, as the 
industry changed from shoes to electronics, has had corresponding 
changes in the focus of its high school witli reasonably open political debate ♦ 
To the extent tliat the input structure of a school reflects the aim of 
tliat sclioo], then tlic ojily prublem with including sdiools of different ains 
in one ana.lysis is one of ijiteipretation. As a production function, the 
measure would still be incorrect. As a detenninant of average relationships, 
it would not be bad. Por example, suppose sclioo] s whicli tried to place their 
students into prestigious colleges deliberately liired tencliers with academic 
majors in college, and scJiools wliicl) tried to place their graduates in the 
labor force deliberately hired teachers witli education majors.-'^ As an 
average relatiDnsliip, we would find that academic majors of teachers arc associ 
ated vatli college-t)7)e skiJls—say, Verbal Score. It would be wrong to iissune 
that a scliool wliicli hiicd i!'cu*c acfidemic majors would necessarily prcKluce as 
much of those s):ilJs, as inJicalcd by Jioir association, without a conco'nitant 
chan<;u in policy. 'J'lu; estimates, as production estiim;tes, would bo biased 



liur):lioad ( 5), for example, specifically excludes 12 technical and 
vocatioJiri] f.cliools, and 'oim scliool for tlic- plsysicnlly h?.ii!dicapped, from Ills 
airalyiiis oT f "hi cage high scl)uols. On the oth.or luind, lie excluded only two 
Yocat ioiTi] Isigh schools fro;! his Al Iciuta sn'r.plc, app-' ojitly jvoL reccK'.Jii x.ing 
that l!ie fivo' Negro sdiouls w^ie cilso '^tccJiuical'* sc), Ir; in that peculiar 
cupheinisni oT the South. Tlio I KOS lijj-li scliool data does not identify the school 
as acrK!e:;uc or vocntional. 
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Ollvn- types of sdiuols ar<! assuniud to fall in the middle. 
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upwards because tliey liad uot accoiuilod for iitanaoorJal discretion. On tlic 
otlicr liand, tlicsc particuJar types of teacJicrs prcsiuiiably are hired because 
they have an effect in thj di action whicJi the scliool is emphasizing, niere- 
fore it would still be correct to assujne tliat there would be $oino effect on 
college- type skills from-hiring more academic-major teadiers, even with no 
managerial cliange. 

This explanation, however, asserts more rationality and teclmical com- 
petence on tlie part of scliool authorities than probably exists. Indeed, 
Jolin Owen has recently attempted to identify supply and demand characteristics 
of teacliers, to see if lie could find if schools deliberately sought "quality*' 
teachers by offering lHgl)er pay. He found that tliis was not the ca^'. 
Thus between cities we might expect the relationship between the focus of schools 
and tlieir input structures to be essentially random, lliis could Icaci to un- 
biased estimates of real production relationsliips . 

Tlie problem with this arginnent is that, thougli as far as sdiool board 
demand is concerned the clinracteristics of teacliers is not a f miction of the 
focus of tlie school, they still iliay be so. A blue collar school on a blue collar 
budget lias a smaller sup])ly of academic major teachers, and therefore has a 
structure dominated b)* education -majors, even if the school would like (but 
cannot affo/d) more academic majors. There will be variation wdthin that scliool 
li strict, and a school v;itli more acadoiiic majors may produce more college type 
outputs. Hut i[ tliii:: .system was pooled \;Uli others, then in .some other systcjn 
this rM-mic peiccntage of acad^.-iic -majo)' tCtichers might pi'oduce more college tyj/e 

^^\See (.Veil (19), 



output; ami bducatio]! majojs would produce loss bluo-collar output tlmn 
found in the first school. Tlic result could be no aciidci.iic cfrect found 
for academic majors, or bJuc-collar effect from education majors even tliough 
both effects occur in botli districts.'^'' 

Jt would be convenient to argue that tliis dil-iiiina disappears in a one- 
city analysis, because tlie focus of tlic scliooJs is constant. As we know, 
however, this is not tlie case. In fact, we can be reasonably certain tliat 
within tlie 30 elementaiy schools in tlie I-astmet white staple, some schools 
are more oriented towards jiroducin^; the skills tested by the liliOS tests 
tlian others. The best analysis, clearly, would involve choosing from 
sever.:.! cities those scliools with caiimon skill goals, and testing the pro- 
duction of those skills, lliere are, nonetheless, some further arguments 
for using a one city sample, whicli can be; reproduced from Burkhead : -"-^ 

A great many of the variables wliose influence on output 
is difficult to isolate are lield constant for a single 
city. The labor market for teacliers and the market for 
other f. ctor inputs is reasonably unifonn for tJie city 
as a whole and . ... [therefore] a given outlay will 
pui Jiase inputs of similar quality. 

Some aspects of "administrative responses" may 
also be uniform ^\'itlljn a single large- city system. 

Since in ])ieparat i on of tlic; Kastmet s;iii)j)l(; 1 expcn-imented ^^ith regres- 
sion estimates inc-luding suburban scliools with the Hastmet city schools, I had 
a duiuco to notice some d IfferciKus in results. One will be stressed here, be 

17 . 

pp 123 12?^ diaj',rai;u!iat ic exposition of tliis problem, see Michelson (16 ), 

1 o 

Uurkliead ( f. ), p. 39. 
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cause it points to an important problen. of interpretation, 'llie importance 
of 'readier lixperionctv- importance definod as regression coefficient, Beta 
coefficient, or incrunent to R^-is" greater in tlio single city sa^nple than 
in the city-suburb sa^i.ple. TJiere seems to be a good explanation for tins, 
wlucli casts considerable doubt on an interpretation of the Hxperlcnce coef- 
ficient as indicating a production relationship. 

Suburban systems tend to liave younger teacJiers than central city 
systems. TJiat is, among districts, social class and experience are nega- 
tively correlated. This is only p.rtly explained by the rate of population 
growth of tho suburbs, i.e., the relative ne.aiess of the positions occupied, 
naturally, by relatively new teadiers.l^ Tho rest of tlie explanation pre- 
sun,ably lies in deliberate policies of suburbs to maintain a turnover in staff 
so as to miniiidze tlie cost of expoiisive experienced teachers. Given a 
suiplus supply of teadierii to suburban syster..s, tliey can operate this way. 

Witliin any system, city or suburb, a positive correlation exisU betwooii 
teadier experience and pupil social class. Tiiis is due, at least in part, to the 
well-known seniority dioice syston: the more senior teachers can diobse to 
fill vacancies in sdiools before the now teachers are assigned, 'lliis is vir- 
tually universally t)ue; and it is observed to occur. Thus tJie experienced 
20 

tcadiers are found in tlie sdiools whid, produce- -or from which emanate-- 
academic skilJs, at least pai'tly because they a.ssuciate themselves with 
children who win, with tliem or wjtlioul. Ihem, acquire tliosu skills*. 

•See Ov.en ( 10 ) for eviduiice on this point. 
20 . 

cnco -i.. -spcal-.ing, experience in presnK system, not over-all experi- 

huwcve ••^■"^oi-i^y. These measures are highly correlated, 
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• Siiico tliis soeiiis to ho a (k.-.'.cr,iptjon of tlic .sys.ciii at work, wc wou](l 
expect tliat regression rosi-its would show lixpcricncc moiO associatotl with 
output witliiii tliaii between isyslonis. As noted, tins is exactly wliat wc do 
find, Tlie inter-city estiniatc would therefore bo better for determining 
tlie actual production effect of Lxjjerience tlian tlie one-city estimate. I-br 
this reason I ^vill de-einphas,i ze t)ie strikingly significfmt relationsliips 
between I-xperience and tJie Lest scoie outjnits found below. 

♦ 

This argument does not pertain to any variable other tlian Experience. 
To the extent that toacliers with higlier Test Score want to move to higher 
class scJiools, they arc perhaps more able to do so between than within 
districts. By their i)ersonal appeal in interviews, they may be preferred in 
new hiring by tlie suburl)an schools, ]5ut they would not Jiave seniority in 
a single district. So the association between Test Score aid output Scores 
of children probably better describes production in one-city cstiinatjon, 
and has more of a component of deliberate and prior association in the multi- 
district analyses. This argument holds for Race Pi-eference also, m\d 

21 

probably a f ortio vi. 
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Sjjijple hinear Hquatioi^s ,.. - . ' 

The "simple linear" eqnational fon" has been implicitly defined as 
that wliorc llie va]'ia])K'j, aie liiioarly additive, not trarisfomed, and not in- 
volved in interactions. Since iliis does not exclude dividing variables into 
categories and entering tliesc catej-.orics se])aj-ately, tlie simple lin(\'ir fo7iii 
docs not necessarily i:iean that tlie velationshi]} between output: and the ori- 

21 

By a similai argu^.^enr, scliool manag.eiuuil effici(;ncy is likely to be 
rando;ii wi*' in ;< city, InU. a.sy.ocjal (.d witli social class betuccn cilies. 
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ginally codod variable is Ijncju-. For cx;unp]c, Ilxpcricncc as a scaled 
variable raij^Jit be indepciidciif variable Xj^ in the following equation: 

Y = a . b^Xj . b^X^ ^ d^Z^ 

whero Y is a schoo.l ouL])Ut 

X is a scliool resource 

Z is a background measure 
llie effect of an increase in one imit of X, is to increase Y by b^ units. 
However Hxpcrienca could be a Cittegorizod variable, where: 

is 4-8 years of experience 
X2 is more than 8 years of experience. 

We can no lOTiger consider ^*a imit inc3-ease'^ in lixperience, but must consider a 
shift of categories. Tlie constant, a, includes tlie effect of having 0-3 years 
Experience. The effect of moving ijito tlie 4-8 category is bj^, and the effect 
of moving into the 8+ category is h^* ^^'^^^^^ terns of tlie scaled Experience 
variable, non- linear effects are aj lowed for. In the equations presented 
liere, I do not take advantage of this possibility, and present scaled variables 
for inherently scaled measures. 

As inentjonod in tho section describing tlie data sajnple, 1 will add 
two binary coJed "interact iun'» variables. Being in the category defined by 
the intoracLioii gives n cliiJd a valuu of 1, and not being in that ^category 
gives liim the* value oC 0. '\ha cc^c\rficient , then, ijidicalcs the gain or loss 
in output, otlior things equ.-!), from being in thnt category, i.e., from having 
tliat parlicul.'jr t)i)e of interaction. 
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'M. equations aro prcscntc-J j„ Table JV-2, in a format ^s'hich will he 
continucHl throuoliout ll.j.s Pail: of tlie paper. Tl.c cocrficicnts 
arc listed in a colimni, and undor,K=ath eacli coofficiciit is it^ standard error. 
The standard error is essentia]])- an estimate of the standard deviation of 
tJic random error around t],e regression coefficient. If this st.'mdard devi- 
ation is "large," then there is a great deal of error, and tlie coef- 
ficient may well not be wliat tlie estimate says it is. "Large" c^m be defined 
in terns of the coefficient itself, ijnplicitly testing whether tlie error is 
such that the true coefficient my like]y be zero, the estinated coefficient be- 
ing a result of sampling error. A convenient rule of thin^ib is to reject a coef- 
ficient if it is smaller in absolute value thaii its standard error (i.e., if ' 
zero lies witliin one standard error of the estimate of tlie coefficient). Almost 
all coefficients presented will be larger t)um their standard errors. 

Random error is assumed distributed accoj-ding to tlie noniuil distri- 
bution, or "bell-shaped" curve. The bulk of the error lies close to the mean. 
In fact, less than 5 percent of tlie error is more tlian two st.mdard errors 
from the mean. 'Jlius if the coefficient (in absolute value) is more than twice 
its standard error, it is higlily impiobable tJiat tlie tnie coefficient is zero. 
"True" here does not refer nea.ssarily to the real production relalionslnp. but 
Iho coefficient which would be found if what we measure as error is truly 
rui,do;.i, ajjd we .sampled 100 peicent c.; the n-levajit population. 

The dc-pcndenl variable;;, or outputs of product i.on, are Verbal Score 
and kcadjng '.corv of these sixlh grad<r children. The first two coliwn.is of 
Tabic JV-2 list the equations for these two varial^lcr., the specification of 
the equations (i.e., wlucli vaiiables aro .included,) djllciinr. because of the 



Sex 

Age 3 2+ 
People in Home 

♦ 

Possessions 

Father's lid. 

Kindergari-.en 

Teaclicr 'Jest 

Teacher J-xperionce 

Racial Preference 

HiSes-Lol^c.s-MiD^r 

LoSes-miJcs-LoI'r 



Trackiiio 



TAHUi JV-2 
, SjiiipJo Jjjicar Regressions 
Hegjossjoi Coefficients 



(.69) 

-8.82 
p. 17) 

-.221 
(.32) 

1.06 
(.37) 

.572 
(.14) 

3.26 
(.79) 

.599 
(.18) 

.490 
(.076) 

1.38 
(.39) 

4.63 
(1.86) 

-10.94 
(1.87) 



3.35 
(.48) 

-4.12 
(.87) 



1.66 
(.13) 

.219 
(.10) 



.347 
(.11) 

.329 
(•06) 



3.08 
(1.34) 



-].63 
(.28) 



' Beta Weights 
Vqrl'iLl Readii: 



.106 
-.207 
-.056 
.217 
.123 
.131 
.201 
.189 
.126 
.074 
-.190 



.205 
.141 



.495 
.069 



.102 
.185 



.072 



•■ -.170 



Constant 



27. y/. 

.611 



•9.84 
.52.'. 
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statistical considerations (tl.c coefficients relative to their st.ndanl 
errors) just discussed. I .ce no theoretical reason v.-hy People In Ho,ne should 
• be related to the Verbal Score- of the children, but not to Ueadin. Score; nor 
Teacher Race i'reference nor whether tl)e cliild went to Kindergarten. One 
could argue, after the fact, that tl)is n.akes son,e sense, but 1 had no par- 
ticular expectation a^^Hojl '''bout tliese variables. Similarly, whatever it 
is that tlic Tracking variable indicates seems Ablated to Reading, but not 
to Verbal^Score of these children, although I have no theoretical explanation 
for this. 22 At tl,e bottom of these first two coltmis is the constajit of 
the equation (a), and tlie r\ or measure of the percentage of variation in Y 
which has been accoimted for by tlie X. a:Kl Z.. Althougli the specification of 
the variables in tlie equation did not proceed in m attempt to maximize R^, 
the algorithm which estimates tlie parameters (the coefficients), £iycn_thc 
SE£SiiSj':li9ii> <loes do so. These coefficients tJien are the set of co- 
efficients which best explains variations in Y, for the given list of input 
variables. 

The tliird aiid fourth coluiins present "Beta Weights." These are the 
regression coefficients weighted 'by the relative size of the standard devi- 
ations of tlie injn.t and output variables. One can say "a one standard devi- 
ation increase in X- will produce a . standard deviation increase in Y" 
Oissuning ^. is positive). Since the units of the variables sometijnes liave 

tions 'r'f^ •'^''o^ /owever, the extreme weakness in inusl presenta- 

L tfru I t ; o^^^^^^ concenir.te on one output. The justification often 

IS ti.it all t 10 },I.aS output i.K.-asnres are coi-re Irited. This is certainly true- 

ntLu i o r 'pT ■-f'i'lo, not stratified by KKe. nin.her of schools 

outmt ^.r-rwi*.; • correlation duos no!, mean that input- 

^V^^\l VT J^^<'>'lual, nur even thai inputs will have the 

sjj.ic Kiiative effect on botli outputs. 
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no particulnr intuitive ineanino, exj^ressing them in terns of Hcta v;cip,ht.s ca,i 
be quite lielpful. Wit), tm Uiircpresent.t ive smiplc, as tl,is surely is, tJie 
Beta weights are considerably more suspect than the regression coefficients. 
In addition, one may not care about liistorical variation: Not 'Vhat is tl,e 
reaction of Y to one standard deviation increase in Teacher Test," but "Wiat 
would y be if -readier Test were at 30-the maxinam." might be tlie relevant 
question. The regression coefficients are used to answer this, llcnvever 
absent prices-which eventually become tlie cn.cia] element in judging ef- 
fectiveness of one in,n.t vs. another- the Beta weiglits give some sense of 
the relative import of one variable as opposed to .-mother. All equations will 
present botli sets of coefficients, but the discussion will focus on the re- 
gression coefficients. 

The effects of the control variables for sex and age are striking. 
Girls are 1/4 a standard deviation ahead of boys in Verbal Scoi-e, and 
nearly 1/2 a standard deviation aliead on Reading Score, adjusted for social 
class, age, and access to sdiool resources. Tlie 27 exceptionally old children, 
.'idjusted for sex, etc., are. virtually n standard deviation below tlie mean in 
Verbal Score, and 2/3 of a standard deviation below in Heading Score. Of 
the backgroiajid variables, Kinderj-arten attci.dance is quite important in tonus 
of generating Verba] Score points, 1-nther's liducation could be important in 

23 ■ • 

fhc ct[iiat ion estimites the mean output measure exnc!-lv--e>;fODt for 
ro^Kling en-ur.- -when the i.-,put variables are set at their m an l?xo?s Tie 

c^^.^TT' '"'T'"' "^'V'^'' '^'^ control ;ar; able ; a 

2; U ^ ^^T.'-'^ '"'-^'''' °^ 'lifference bc^tween'boys 

cud guls IS ob{.ajned by ^ettjng this variable at ] for girls, at 0 for boys 

i f\' ^--"^'-^V''/^ -Of^-S nnd-tlKTefore one can thinl; of lie d if 

ifc;^ r ' {ib^elv- ''''''''' -^^-^'--^^ 
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of obscrv.ul varlatioji. 

0. «.o sa.. .,H„Uo.,, .Wc,.o>. Te. see. ..st ,,,,,, 
once .3 s.,,>ec., ro. ^^^^^^ J 

yo,.s or experience .o.U .ee,„ to ....... f„. Te.,t Score po,,. „ ^^^^^^ 

Verbal Score, and one year or Pv„,.; • 
■ „ ' ^ ^ '^^'"""'^ " ^-^^ °» point in proJuclng 

^.^^ -re. ..e sM. .ro.,. averse ,er . ,..,.1 

«aa pro.« ..average o. abo. S Verbal Score pe..3-ene b„„ , .andar. 
^v..o„-^, les3 .an .e pel„.s-abo. one garter o. a .an.ara devlaUon- 

Kea..,« score. Usin, per-scbool averages, «ains wo.1. be so.,e„„at 
..eater. Teacbcr. „bo pre^erro. all-„bUe scboels would pros«.bl/p.d„ce 
about four „.re points of Verbal Score than the ,„ea„ Racial Prefe^ce, or t,,o 
^ ..3 0, a standard deviation. r„e dl„ere„ce In Keadl,, Seore bet,.. TraCln. 

ot TraCn. .ould be .near,, one .aK a 3t™,da. de-.atlon, tbou«b the antic- 
patec. .„prove,„e„t of not Track.,, over the ,.e™, „uld be throe ,,,arter3 of that 
amount. 

The interaction te™,,s Ineludod in the- simple 1 inear fo™ as sl«e 
variable., also have strlMn, value.,. ..e eo*lnatlon of havin, lo„. bac Wd 
an in a .Cool ,,t„ lev.. bac..rou„d win p,.oduce eleven poin.s less of 

Ve,bal Score than would othcviso be predicted, if the school ,ia,, hi,.,, .-e- 
»u.es. That 1.,, the..,o resoureos sec. to affect other child,.,,, but' not 
t'.<-se pa,.tia„ar child,™, ihat ™uid he because the, do not receive the hi,h 

-"ri'::'!..-:::"'' ^""'"'"^ »■> i» reso,;rce 

2/1 . 

increa.,i,,:/;.';;:,;;;:;t;:,.r';;;i:,;ri\^^ ?"'?•" . effecs of 

an jndkalion tl:al Ik- o,ivi'„ rr r'J, to he lioncst , 

-volved ,,i,.,,Ua„eou., ...^^.fl-^^i^l!^ d'rs!.TT,,''Ky?!f'2}1, l'?: 
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variables for t),osc duiarcn, or because the ccblnation „f their baA- 
gro..,d amuro pH. a s^,ilar d.„i„a„t school culture s^,ry s.-^s the effect 
Which resources has on other d.iiaro„. .leven children had this characteristic 
possibl, too few to dra,, an, conclusions about, airteen children in this sa,L 
«lt., hxgher than average backgrounds «re in schools with low resource value, and 
average peers. Ley did bettor than the effect of the low resources would have est. 
"ated. „,is is possibly because they in fact had high resources within their 
schools, .aslced by the averaging process. It is also possibly because the 
culture Of the school was not such as to grevent tl,e™ fro» leading, and 
their learning was derived fro. their backgro^d characteristics. Since the ' 
effect of within-school resource allocation cannot be separated fr™ that of 
poer-individual. interaction, there is no way at present to choose one inte^re- 
tation over the other. But the .agniu* of these coefficients suggests 
that the assign,„ent of those d.ildren into separate classifications did in 
fact reflect sone reality, even if I ca^ot without being arbitrary explain 
what that reality is. 

IV'o things whid, have been emphasized over and over should be more 
Clear n«. First, in discussing tl.e "trade" be»veen a year of la^porience and 
a poant of Teacher Test Score, no decision could be ,nade on whid, was a 
better b,,.-a.s.s.„jng both represented production estn,,atos-without knowing 
how n,ud,.they cost. Second, the idea ,hat there is one rate of trade between 
these two itc,„s, independent of the <.„o,.,ts currently present in a parcicular 
school, see,,,s especially tar fetched when tj.e n...bers are at ha.ui. ,n this 
paper I will do nothing to add info^iation atout prices. llc«ver, let us pro- 
ceed i-odiately to consideration of c<,„ations which .allow for level- dependent 
estimates of flie niarginiil output effect of input chtmgcs. 
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Interactions 



AS discussed in Port I, above, the ™atlpUcatlvo interaction te.,, 
allows „„ estimate of the effect of increment in one variable to bo de- 
pendent on the level of another variable present. Needless to say inter- 

ables, or in cateseries of interactions. Por this demonstration, simple 
pxoducts Of two variables ,.ve been entered, and equations have been .fined 
on consideration of the.,e variables.^^ The interaction ec,uations appear in 



Table IV- 3. 



, In tl,e Verbal equation, Tead,er Test does not appear as a variable 
except in the interaction te^s. „e can calculate the rate of d-ange of 
Vertal score of students with s.,all ch^mges in Tead.er Tost as follows: 

aT = -165 (Experience) . -.116 (Race Preference) 

It is appropriate to consider the value of this expression at the 
weighted means, or the average of school means of the variables 
Hus value is 1.10. ll,e regression coefficient .,d hence partial derivative 
Of Teacher Test in the s.^le linear est^ate was 1.0. ,^e standard error of 
th.s esti„.ate was .18. Tin. tl,e value fran tins equation with interactions 
evaluating at t)>e means, is well within one standard ern-r of the value esti- 

^'""^'-an,: distinguishable 

plicati^'^'^t^l^Uonhl'ri' 2it're"" So'v^rSl'c ? 

either by the si^e of its uiit.- ■ I'.v T V '"V doainate tlie intar,-,cUen 

variable. IIk- co^f^L ™t {'h, i 1™ ' ^il .'•<=I""vc' to the other 

Jiu.icj.t kjil i)o inlerpieted as applying to both, however, 



66 



mUE IV- 3 
Linear Regressions witli Interaction? 
Regression Coe ffici gjits 
Verbcd Reading 



Sex 

Age 12* 

* 

People in Home 
Possessions 
Father's Education 
Kindergarten 
Teacher Test 
TeacJier lixperience 
Race Preference 
HiScs-LoRes-Midl'eer 
LoScs-I li Res-Lol''eer 
Tracking 

Oixj)crjencc) (Te'^t) 



2.77 
(.69) 

-8.47 
0.16) 

-.173 
(.12) 

1.10 
(.17) 

.532 
(.14) 

3.65 
(.79) 



-3.53 
(1.18) 

4.23 
(^.26) 

3.42 
(1.86) 

-10.20 
(1.83) 



.165 
(.0.18) 



(Test) (Race Preference) -.116 

(.0^1) 

ERJC (I'-xperience) (Possessions) 



3.61 
(.47) 

■3.79 
(.85) 



.918 
(.27) 

.196 
(.098) 



■1.30 
(.41) 

•3.62 
(.83) 



1.522 
(1.36) 



■1.18 

(.33) 

.134 
(..036) 

.0252 
(.013) 

.0798 
(.013) 



Weights 

Verbal Reading 



.116 
-.199 
-.044 
.225 
.114 
.146 



■1.363 
.385 
.054 

-.177 



1.652 
-.336 



.221 
•. 130 



.274 
.062 



-.383 
•2.045 
.035 
-.122 



1.972 
.106 
.483 
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r™,, that o.t^„atc. in this scnso v,o sec that tho s.,plo linear fom 
may give avcraso ostimalcs of parameters. 

I have selected two sd«o)s ,dth near the latest and near the higi.est 
Experience levels with which to investigate the range estimates. n,us the 
values whid, I will give belav are neither the highest nor lowest values 
obtainable, to be conservative in the face of a s^ple and stapling process 
uLxd, leaves mud, to be desired. Since school coding is arbitrary and un- 
related to the original miOS code (whid,, even so. does not identify sd,ools 
by nana or location), 1 will use my c«Ie n>.,*ers for this exposition. Sd,ool 
»79, with average Teacher Experience of 3.7 years, and sd,ool »86, with 
average Tead,er Experience of 17.S years, will be tl,e de,nonstration cases 
throughout this. section. 



School m would respond nejatively, tho,.gh hardly at all, to a 
. s«n diange in average Teacher Test Score. Its derivative is -.10, indi- 
cating that a 1 point gain in Tead.er Test Score would produce 
a .1 loss in p„pil Verbal Score, if all other values stayed the sane. Por 
oxa„,ple this ass,.„es that Tead.er Preference for V.hito Students, which is about 
at the ..can of schools, would be .,d,an,ed. ,f Preference for Mutes increased 
when higher Test Score tcad-ers were hired (these two factors are Correlated 

greater than .A), then the est ted deCiuc in I'.,,,! .Score ou_ac_comt of 

ISB^IS^ilSZS. "H-W b« ass,„«i,„, these toacters with higher Test 

Score and greater .reference for Khi,o,, were as equally toperlenced as current 
sd,ool m teachers. Of cour.«: the direct effect of higher preference i. 



positive. The correlation bctu'ccn Test Score aiul lixpcrience is lower than 
that between Test Score and llacc Preference (being less than .2), so random 
selection of teacliers on tlie basis of tlieir Test Scores might seem to indicate 
a negative effect on pupils in this scliool (and with regard to tlie output 
"Verbal Score," tJiough we shaJl find a negative relationship between Reading 
and Test for tliis school, also). 

Tliis is not so, as one can easily see by picturing the distribution of 
teacliers with respect to lixperionce. Picking "randomly" from a pool of 
teachers with lest Scores higher tJuin that in school #79--whidi has an average 
Score liighor than the mean sdiool jn Eastmet or, for tliat matter, the nation^^-- 
one is picking from teachers also with higlier than mean Experience. This is 
true because of the correlation between Experience £ind Test Score. Since the 
school in question is well below tlie mean in Experience, then the actual net 
effect of picking teachers with higher than average Test Scores, but othen visc 
rand omly , wil] be to incrc meiit pupil test score. 

The point of this discussion is to make cler.r the limited meaning of 
tlie "partial derivative" in assessing policy. It would take a very non-random 
selection of teachers to actually produce a decline in Pupil Verbal Score: 
all characteristics but one. Test Score, would have to remain constant. And 
since these characteristics are extreme values to begin with, there is a 
natural tendency for them to bucojuo less extreme witli rcuidom selection. If, 
on the other ha.iJ, School 79 is i\ sdiool whicli always gets inexperienced 

26 

Co]oi!ia;i, et_ al . ( 7 ) do not cctually give the mean teacher Test 
Score, but llie score of tlic tencl.'or of tlio' average pupil, in Table 2.33.1, page 
131. My School T/y has a l)i};hcr averaf.t: than that facinp, any group of children 
listed in lliis t.'ble. 
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toad.e...i.e.. t..c,.„. ,,„k.Uo„ „ot .ukIo,,,. . .„nbo.,tc. poHc, to 
nc.„. o.,..o„.. p.. ,_Hcia,. K _„,o Te. Sco. «uX„ , 
^™ '^^ the dorivati>. with respect to 

Ij3q)cricnco; 

t) Experience'' " '^'^^ + .165 (Teacher Tost) 

At t„e awraso T..,.or Tost .CcoX ... tMs vaiue is ... or i„u..,n. 
over s« t..s tHo . vo.. score .r a .ear-s e„ce th. t. J 
in terbal Score fra„ a point of Toac),er Tost score. 

*ce again, however, we shouia take accost of the fact that a r=.ao,„, 
.ecte. teacher witU hi„or ex^-rience wiii stlH have a iowor test s:o;r 
than the average tcaclier iii School «70 28 ,, , 

1* ""'l'' it have to be to decrease 
th Vorhai score of p„pi.. ..ore the derivative is a faction of one var^^;;" 

deravatrve changes sign (in those cases in ,,hich it does,. Setting -^l , , 
and soiving the equation i,„„ediatot. above, we find that Test Score LTfaii 
bciow ... before this expressibn becomes ,ess th» .ero. since this figure 
IS beiow the average Tost Score for this s.„pie Cor U.e nation), and since , 
™ s^lin^toac,.^ above a „ini„„ ,ovel of experience, it wouid require 



duction rl^latit^Z'^^^^^^^ '^''''""°-*^ ^^^''^ I luive cm inaiccr a real nro 

bo Clear tlKa I «iv!^JJ.[nc■ ? S^;^:^^^^^^ .-.bove/u^tSd 

™.ng. h„..ever. to ^o»,ons.i.;.;;i^^-;;sr»: j'^j^, 

28 

racto,s. i <ljstributions of the ,™ 

porience, and asking vdiet -or o,, l^, teachers wuh more than 3.7 yeais ex- 
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a negativ e; correlation betweui J-xjierience aiid score to produce an expected 
Test Score lav enougli to reduce output. As v.'e know, there is a slight posi- 
tive correlation between ILxperience and Test Score. So one could randomly select 
teachers on tJie criterion tliat they be more experienced than those in School 
#79, with confidence that this will improve the output of that scliool. Fur- 
thermore, such a selection will induce a higlier payoff to the already high 
Test Score present in tliat scliool, as seen in tlie derivative of Verbal 
Score (of studeiits) witli respect to Test Score (of teachers) . 

Note that all tliis makes some sense with regard to how schools 
might actually work. School #79, this discussion indicates, could profit 
greatly from a selection procedure whidi brought some experience to the 
school, even at^ the lo.ss of some Test Score. If one selected randomly among 
applicants witli high Test Score, tliere might be some improvement also, but 
this is just because that Test Score is likely to be associated with Experi- 
ence. If one selected nonrandomly, for teachers like those in this school 
but with higlier Test Score, the improvement would be small or even negative. 
The sclioo] ]iiiglit be characterized as having far above average teachers in teniLs 
of their talents, but far beluw average teachers in tenns of their abilities 
to put that talent to use in producing school output. A couple of 1-xperienced 
teachers, even if not as capable. of scjriiig well on tests, could direct the 
talents of tlic inexjjerieiiceJ toachcTS. 'ihcre is, in other words, 'a real inter- 
action between cxporicj)ce and talent, which con-esponds to the equation's in- 
teraction betv/een Jixperieiice and Tost Score. Although on the ayeraj^ the 
sdiool system would U!;c tliesc ociuatioiis to loolc for teacliers with liiglier 
Score, in this particular case, it should look for teachers with greater 
ERIC I"xperiencc. 
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I should note lierc tl.at tlie interactions as defined are tJir: product 
of school means, not of individual teadicrs. In fact, the average of teaclier 
interactions will equal the interaction of teaclier averages only if tliere 
is no correlation between teadier attributes within sdiouls.^^ Althougli it 
is. important to consider tlie real -world conditions that might produce tlie 
significant interaction coefficients, it is facile and not altogether justifiable 
to consider tliem as indicating interaction between different teachers. With- 
out considering the diaracteristics of the different teadiers, there is no way 
to know if Experience and Test Score interact in that one teacher with both diar- 
acteristics is a super teadier, or because two teachers, each with one diarac- 
teristic, complement each other. To determine this difference, I would have had 
to go back to the original teadier data, and re-aggregate by sdiool, taking 
interactions for each teacher, aid averaging. Mien the variables are posi- 
tively corielated, the average of individual interactions is larger tliaii the 
interaction of the means; and conversely wlien negatively correlated, it is 
smaller. I would expect tJiat in most sdiooLs Uie values of Test Score and 
Experience would be positively correlated, j see no reason to expect that they would 
be positively correlated between schools, but negatively correlated within. 
However tliis miglit not be tlie casein al] sdiools, and it might be the case 
to vaiying degrees. 'Hius tlie average of individual interactions would not 
be a linear triin.sforiii of the interaction of averages, and could -bo' expected to 
produce different icsults. Yor the purposes of this paper, I felt this point 
rould not be investigated further. It does bear keeping in mind, however, 
29,. . . 

Ihis is a well-known probability theorem that the expected value of a 
procuct .IS tJic product of the expected va.1uei; only if the elements "in the 
product arc ujicorrclatcd. 
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wlien it caucs to intcrprctijig tlio results. 

Wo rctuni now to the derivative of the Verbal equation with respect 
to Test Score, and consider a scliool with high Hxperiencc, #86. Despite 
a higlier Preference for whites, and consequent negative effect, the rate of 
increase in Teacher Test Score is 1.93. Tims School He, wliich lias aii above 
mean Test Score, could gain a great boost in output from selection of high 
Test Score teachers. Tliis selection, if random, will reduce tlie average 

» 

experience level of the scliool (which was selected as having a high experience 
level) , and thus reduce the incremental effect of further increases in Test 
Score. Nonetheless, the Test Score in this school is lower than in School 
#79. Miile the Experienced but lower scoring teacliers should be assigned to 
School #79, tlie liiglier Scoring (if less Ex])erienced) new teadiers snould 
be assigned to School #86. 

This discussion has abstracted from price considerations. As Part I 
of this paper suggested, the economic efficiency criterion needs prices for 
a solution. If a year of lixperience costs more or less than a point .of Test 
Score, tlien the simple suggestions made above are not strictly relevant. 
The method by which prices are accounted for was outlined in Part I. Havever, 
to the extent that genc:ral productivity and cost considerations have led to 
hiring those qualities in teachers whicli are most cost effective, and there is 
now a pool of new teachcis to be assigned, the considerations above can pro- 
ceed witliout reference to price.-.. They arc policies of resource 
allocation M}i(in }yiiomxob . Tliis, we have scon, is the concept of Tccluiical 
lifficiency. It assumes projjcr iiumagemeiit in Schools //79 and #86, after the 
policy, and in all schools (for estimation purposes) before the policy is 
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enacted. It is one use to wJijdi a good production function could be put. 
In addition, of course, the derivatives offered here could bo co;nbinod witli 
price data--w]iidi might also be different for different scliools- to detemiine 
tlic most effective resource mix for a given budget. If eitJier the prices 
facing the schools or their output reactions are different, then different 
resource allocation decisions apply to different schools. 

The derivative with respect to lixjierience became negative at. a value 
of Test Score not far below the mean. In fact, nine of the thirty schools take 
on a negative value of this derivative, i.e., would lose output given more experi- 
ence, and nothing else. At the means of the variables, the rate of chajige 
of Verbal Score witJi respect to Experience is .36. Once again, this figure 
is close to that of the coefficient in the simple linear regression, .49. In 
Table lV-4 I have calculated the derivatives from the linear fiuiction at the 
mean values of variables, and indicated how far fin tcwis of standard errors of 
tlie coefficients from the simple linear equation) this estimate is from the 
regression coefficioiit in tJie simple linear fonti. In all cases where sdiool 
resource variables interact with other resource variables, the difference from 

the linear estimate is insignificajit. Wiy the interaction with a background 
30 

variable sliould so differently affect the resource estimate 1 do not know; 
but this issue will be discussed below. 

Before leaving the Verbal Score equation, we might look at*its last 
interaction derivative, tliat with respect to Race Preference. The equation 
for this derivative ap])(;ars in Table JV-4. Calculating wlierc it turns nega- 
tive, we get a Test Score of 3C).5--on a thirty question test! .In other words, 
30, , . 

^ The interaction between lixperieiice and Possessions in the Readlnc: 
I:quation. . ^ 
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TAliLli IV- 4 

Partial Dci'ival ivcs from lulcraction liquations 



Kquation 



Verbal 



Partial 



Hvaluatcd 
at Means 



O Y 

7) Test 



= ,165 (Exp) - 



.116 (Race 
Pref) 



1.10 



Comparison with 
partial froiu 
simple linear 

equations 

(within- - standarcrerrors) 



.56 



't)I:xp 



•3.53 + .165 (Test) 



.36 



1.7 



-J)Y 



"t^RaccPref 



+4.23 - .]16 (Test) 



1.57 



.49 



R eadin g 
c)Y 



= -1.30 + .134 (Ibcp) + .0252 .29 .55 
^Tcst (Rjicc 

Prof) 



- -3.62 + .334 (Tost) + .01 5.17 



'^^'^^ .0798 (Posses) 



iLX.. = .0252 Ci;xp) .27 n.c. 

't'kac-e I'rcf 



— - « .918 + .0798 (lixp) ■ 1.78 ].09 

<> PoJuSCS 
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tlicre is no really negative effect induced in the return to output from ad- 
ditional Race Prof arena- , as Teyt Scores are higlier. Tliere is a non- linear 
relationsldp such that at higher Test Scores tlie effect of additional I'refcreno 
for Whites is diminished; but an increment of the Preference never results in 
a lower score. At the maximum possible value of Test Score, 30, the return to 
an additional point of lljice Preference is .75 of a point of pupil Verbal Score. 
At the mean Test Score, tlie return (remember, these are white children) to ad- 
ditional IVliite Preference is approximately 1.57 points of Verbal Score, insig- 
nificantly different from the simple linear estimate. 

In tenns of comparing equations, note first that the coefficients 
o£ the two "interaction" teniis whicli had been entered, because of their form, 
into the original simple linear equations, are hardly affected by these multi- 
plicative interactions. Of the other variables not involved in tlie interaction 
tciTiis, only People in the Home was particularly affected. Tlie coefficient', in 
the interaction equal ioji is not significantly different from zero at the 
generally accepted 5 percent level. Tliis variable had originally appeared in 
the Reading equation also, witli non-weighted estimation. "^"^ With estimation 
by weighted regression this variable beca)ne insignificant in relationsldp to 
Reading, and now with interaction its importance with respect to Verbal Score 
is dijninishod. Given the stability of tlie effects of the other backg7-ound 
variables, one is j.miinod to vd: just what I'ooplc In The Home is 'measuring. 
It. is one of the many questiwis to which I liavo no answer, however. 

17ic derivatives fro.'ii the Reading equation can bo calculated, imd have 
been present eJ foj- those variables with interaction in Table IV-4, above. Once 

'''^Scc Micholson (16), Table 1. 
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again th. partial derivative of the output equation with respect to Teacher 
Test is negative for School 1179 (- -.66), positive for Sd.ool #80 (1.25). It 
is positive at n>can values, .uid very close to tl)e value of the Test coef- 
ficient in the simple linear equation. Race Preference now can be sig- 
nificantly entered into the Reading equation. There is no coefficient to 
compare it to in the reading equation. 

The introduction of aai interaction between a school variable and a 
background variable has more policy significance tlum might at first be ap- 
parent. The previous interactions had refined tl,e notion of a derivative, 
so that tlie best policy for a particular sdiool depended on the level of re- 
sources already at that school. But there was no mention of reqvdring a dif- 
ferent mix of resources for each school depending on the kinds of children 
in that school. Yet just as teachers interact with each other, so that one's 
experience might add to another's talent, so teachers and children interact. 
It might be tl,at some resources are particularly appropriate to some chil- 
dren, other resources to other dnldren. In a previous paper I have developed 
this idea, calling it "Resource Specificity." The point 1 a., making here is 
a further devclopim-nt of that concept . •^•^ . ' 

"Specificity" means that different diildren react to different re- 
sources differently. In general this can be tested by asking whether the same 

to detennJne^a ^l^s^X'""]! ''rir^f^f^ ""T'T '^^^^'^^"^^ 
th.-in one st.-nKlard er -o " 1 f a rose .n'-h^r ^^^^^^^^^^^ }''^ 
incUuM k'tro Prof.M-r.nv. ,c. • ^'^^'"^'"^^ V'^,^' U\covy about instruction wh cli 
o e Sice to si , iir^^^ as an important -variable, then he would not pay sud, 
Simions. •'^"^■'•'^'^''^ .Mgaifjc^mce in detcmining the specification of his 

33 

*Sco MidicJson ( 36 J. 
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production f.mction describes education for differeiit tyi,es of children. 

niese n,ay be by etlnnc group, urba^i-rural background, language in the hon,e. 

etc.- If soine grouping produces a different relationship between resources' 

and output, then different resources are specific to these groups. 

Specificity implies tliat an interaction occurs between the cliarac- 
teristics which define the group and all school variables. One is best off si^nply 
saying that their production relationships are different. In the present case, 
I am claiming a much more limited interaction. There is, for example, no 
conflict in sign: Experience is not a positive resource for some duldren, a 
negative resource for others. But there could be some difference bet^-een ' ' 
schools wliich vould make more Experienced teachers more effective in some 
than in otliers . • 

If this were a production function, the implication would be that the more 
experieaKed teadiers fu^iction better i^ interaction with higher social class stu- 
dents. However, notice that Uie derivative of lixix-rience, at the means, is 
essentially zero, whereas the derivative witli respect to Possessions has in- 
creased close to t^vo standard errors (with respect to the simple linear 
equation). This might be used to strengtJien my previous argument that Experience 
was really a social class variable. On the other hand, t;.o additional factors 
should be noted here. The fiust is that in this interaction, .mlike the others. 
t}.ere is within sd.ool variaticn. Each pupil has a Possessions inclex, whereas 
each child in a school has the same Experience measure. 'Jliough this is true. 
I do not see why lliJs argues that Possessions should take away tlie effect of 
Experience in interaction. The secoiu) factor is that, given the units of coding, 
tJie values for Exj,crjence were gc-ma-ally two to tliree, ajid at times more than 
four tiacs the values enter<>d for Possessions. ., This does strain the task of 
tl.0 single jnteraction cocfricjoni, to ..ean the same- tlun., for an increase in ■ 
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one unit of each variable. On tlie other lumd, the difference bet^^een Test 
Score mid Race Preference was as severe, witliuut sucli ill effects. 

I have, then, no strong explanation for the difference between this 
interaction and the oUiers, in terns of esti.„ating, at the mean values, the 
smple linear coefficient for Experience. However the important point is 
made that part of the interaction investigated here is among resources them- 
selves, and part is bet^veen resources and children. Given this latter inter- 
action, there is no reason to think that all schools within a district should 
have the s..ne resources. A good production fimction estiniation would help 
deteniiine which resources are best employed where. 
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Non-lv incar Trans f oiTiiat ioiis 

Some non-3 incar fonns cm be brouglit witliin the estimation capabilities 
of linear regression by trans fonnations of the data. Two such transforma- 
tions have been discussed, and will be presented in this section: parabolic 
(i.e., second degree polynomial) and logarithmic (or multiplicative). To 
justify one fom or another, one ought to discuss the type of error assumed, 
though this is seldom done. For example, the multiplicative form assumes 
that error aJ.so has a multiplicative effect, Error is otherwise assumed ad- 
dit ive, I have no theoretical basis for assuming error is additive or multi-, 
plicative and, like my predecessors, will say no more about it. 

The equations utilizing squared tcmis appear in Table IV- 5, and their 
partial derivatives in Table lV-6. It ran be seen that adding one term in the 
Verbal equation, tJiree terms in the Reading equation, raises R^, though not 
by much. The effects of the background and control variables remain fairly 
much as they were. The effect V)f Teaclier Test is raised in the Verbal equation. 
As in the interaction equation, it never gets negative, despite the presence of 
a negative torn in the expression of tljc partia.l derivative. At 30 questions 
correct, tlie derav^nive is still +.60. The overall effect of tliis transformation 
is to raise the estimated effect of m\ increase of one point of Teaclier Test 
Score for most schools. 

Teacher Test docs not have tliis property witli respect to the Reading 
output. y\t 30 correct questions, tlio rate of cliange of Read i)ig Score vith in^- 
crcments to Teacher Tost Sco]-c is -•90. There is no unique Beta weight given 
ERIC this transformation, because of course Uks effect of a standard deviation 
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TABLli IV- 5 

Weighted Regressions with Non-Linear Trfuisfoimations 
Ka s tmc t Ci ty Miitcs_ 



ERIC 





Regression Coefficients 
Verbal Reading 


Beta Weights 
Verbal Readine 


Sex 


2.43 
(.70) 


3.19 
(.48) 


• .102 


.195 


Age 12+ 


-8.93 
(1.18) 


-4.12 
(.86) 


-.209 


-.141 


People in the Hofiie 


-.227 
(.13) 


-- 


-.057 




Possessions 


1.15 
(.17) 


.427 
(.52) 


.235 


.127 


Father *s Education 


.595 
(.14) 


.164 
(.10) 


.128 


.052 


Kindergarten 


3.54 
(.80) 




.142 




Teacher Test 


3.36 
(1.54) 


3.05 
(1.22) 


.677 


.899 


Teacher lixj^crience 


.545 
(.075) 


-.534 
(.22) 


.210 


-.301 


Hi ~Soc;«T nPfiC-Mi AVtyn-^ 


6.84 
■ (1.91) 


3.56 
(1.38) 


.109 


.083 


LoSes -I li Res - LoPee r 


-12.90 
(1.79) 








Tracking 




-2.26 
(.31) 


-.224 


-.234 


(Teacher Tost)^ 
• 


-.046 
(.03.S) 


- . 066 
(.027) 


-.411 


-.857 


(Tcaclior lixpcricnce) 




.038 
(.010) 




.526 


(Possessions) 




.'107 

(.046) 




.365 


Constant 


-50.45 


-28.14 






r2 


.603 


.546 







TABU- IV- 6 

Partial Derivatives of Non-Linear Hquations 



Evaluated 
at 

Verbal Means 



= 3.362 - .092 (Tost) ' 1.25 



Reading 



= 3.054 - .132 (Test) .025 



^Bqfe'rience " -'534 + .076 (Ijcpcriencc) .28 



c) Y 

■^TUiTsessions = '"^^ '^^^ (Possessions) 1.92 
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cliange in' Test Score now depends on what the Test Score was to begin with. 
From tlie me^in Score, essentially, 23 riglit, with a standard deviation of 1.8 
questions, the effect on Reading Score of a standard deviation increase in 
Test Score is a .044 standard deviation increase in Reading Score. This is 
far smaller tliaii tlie Beta weight from the simple linear regression. The 
squared tenn here is clearly compensating for the truncated score, the 
fact that no score over 30 was possible. 

Tfie partial derivative with respect to Experience has a disappoint- 
ing fomi, whicli remains even in the next section, wliere non-linear trans- 
forations and interactions are combined. I expected that tlie constant tenn • 
would be positive, and the level -dependent tenn negative, implying a decreas- 
ing relationship between Experience and output. The oppr;site signs occur, 
ilolow slightly over seven years of Hxperience tlie relationship between Read- " 
iiig Score and lixpericnce is negative. Sir f cliools have such low Experience 
levels, but this group does not include the two schools with the lowest 
Reac'":ig Scores. 

The results fro:;, using (Possessions) ^ however, are quite reasonable. The 
relationship between output aiid* bad ground would not De linear, it seems to me, 
in any carefully thought out model of education. Part of this is due to the cumu- 
lative advajitj.gos of spend.Mig six years in a home wheie cognitive skills are 
stressed and practiced before the sdioolir.ii production even begins.. The 
whoile concept of acan^iulatlon of skill.c .:z interactive, not additive. Con- 
sider, as a simj)le cxaiiij)le, the use of the word "not," or the whole concept 
of negation. This docs not add one word to tlic vocabulary, but multiplies 
all other words and ct^ncepts by two. An adjective is not just a word, but is 
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as many phrases as nomi; it goes witli; and adverbs count as many times as 
they go with adjectives. In fact, the coefficient of Possessions alone is no 
longer statistically significant. The effect of Possessions on Reading seems 
to be dominc'mtly multi]>Hcat3ve, even if all it can multiply in this form is 
itself. It is clearly not multiplicative in relationship to Verbal Score, 

Additionally, the effect of background can be expected to be interactive 
with sclaool resouices, c'md possibly even with the average background level 
ill the school. Thui- another part of the non-linearity of the relationship 
between backgioimd aiul output should be due to production in the production 
unit (scliool). A last part, needless to say, occurs during the production 
process but not at scliool. 

In Table IV-7 a Reading equation is presented wliich includes logaritlimic 
transformations. Unlnmsfoniied, the coefficients in that table refer to the 
following equation: 



Y = ( i55)s'30^,-'36^>'56jj.24p.OG.j..8.Y..17^.291^^-.08K 



whej-e Y is Readinj; Score output 
S is iSex 
A is Age 12+ 
P is Possessions 
H is People in tlie llume 
F is lather's ]:dncation 
T is Tcaclicr Test Score 

li is Teacher's i;x])erience ' . , 

1 is llij>h Si:s, how Resources Mid Peer Interaction Measure 

K is Trac];ing 

^^This is a cnide way of cuialyzing *'p^ei* o Tect,'* however. Without iden- 
tifying with wliom a pupil is pi need in classes, nnd witli wl)Oin ho associntes, it 
seems feeble to attempt to idcMitify tlio influence of otlier children ou him. 
If there are cnougli clnldren like him, he mny associale witli them and be influ- 
enced by thvm wy^nrdloss of tlie mc^m level of the schoDl . 
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Ihc coiistcmt is tlie anti-log of -1.801. The tlircc variables whidi ap- 
pear as exponents work in the following way: IVhen tliey have the value zero, tlie 
expression can be written witljout tliem (since e^ = !)♦ When they have another 
value (whicli can only be 1 for age or interaction, 1 or 2 for tracking), the 
rest of the expression is multiplied by a cojistant. They shift the multiplica- 
tive constant by a fixed ainount. A child age 12+, for example, is given the 
value 1 for the age variable, and therefore e' for the multiplicative 
shift. This is !698. The equation constant then effectively becomes 
(.698) (.165) - .115. This implies that, all other things equal, the child 
12 years old or older in the sixth grade is scoring at approximate!/ 70 per- 
cent of the level of otlier cliildren. It also must mean that any incease 
in resources will be 30 percent less effective for this child than for otlier 
children* 

To see this more clearly, consider the derivatives of tliis equation, 
as given in Table IV- 8. The derivative, as exjolained there, retains the 
constant as multiplier. If we coiisider the exponential terms as sliifting 
this constant, then they do so for the derivatives as well as for the equa- 
tion It is tlicn a part of tliis fiinctiojial form that anything which reduces 
the equntional va\ie by a constant percentage, as docs the age-sliift varial^le, 
also reduces the increniciilal effect of r'iny other variable by '^lie S£imc amount. 

By the same ariujmcnt, tlie effect of luiving tlio spoci ficd Jn^teractioji in- 
creases the equation (and effect of increases in cUiy other variable) by 
33.6 percent. The (*ffcct of Tracking (as o])pu.soJ to no Tracking) is to re- 
duce the equation by 17.3 percent from llie value it would othenvise liuve. 
Tracking, under tliis eciuationnl form, reduces tlie effect ivi/jK\ss of increases in 
oUiCr school resources also by 3 7.3 percent, 



TABLl- IV- 7 
■ l-ogaritliin'i c Transf oimation 



Reading 



Log Sex 



Age 12+ 



Log Possessions 



Log People in I lone 



Log Fcithcr's l:duccition 



Log Teaclier Test 



Log Hxi)crience 



HiSes-LoRcs-MldPeor 



Tracking 



Regressio n Coeff icients 

-.359 ' 
(.003) 

.303 
(.052) 

.560 
(.03^) 

.241 
(.038) 

.057 
(.001) 

.833 
(.183) 

.169 
(.030) 

.285 
(.099) 

-.079 
(.020) 



Beta Wc i glits 
.185 

-.176 

.544 

.214 

.030 

.164 

.145 

.095 
-.118 



Constant 

r2- 



•1.801 
.506 
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miii jv-8 

Partial Ucrivativos of Logarithmic Kquatioji 



Reading 



Evaluated 
at 
Means 



2>Y 

■^est 



= .0363 li 



.64 



9y 

7> iSrperiencc 



.00736 R 



.13 



Note: UTiere 



Y = ax/x/ 



DY 



b -1 b 
V^l ^2 



(where X2 is constant) 



-^1 
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vhcn Y is evaluated from values of Xj and 

At the means, Y= hJ, X", . Honte the e.xprossions for the derivative f.bove, 
whidi aic ™ ♦ R . 
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Hie other coefficients, whidi are written as variable exponents in 
the fom above, ciui be intciprctcd as output elasticities. As noted in Part 
II, they are here assumed constant. I will compare these elasticities with 
those calculated from the simple linear equations just below. First, let us 
look at the value of tlie derivative at tlie mean. From Table IV- 8 we see that 
this form leads to low estimates of the derivative. The mean values through 
whidi the regression fit must pass arc the geometric means of the variables 
(the means of the logarltlims of the variables), wliereas arithmetic means 
are used for the table and are appropriate for the linear form. This makes 
comparisons at tlie same vaJues difficult. However, since tlie geometric mean 
is lower tlian tlie aritliinetic mean,^^ the derivative figures ^s-ould be even 
louver. Taking tlic maxijiium Teadier Test Score, 30, the derivative (1.09) is 
about equal to the simple linear estimate. 

The output elasticity crm be easily calculated for the simple linear 
form. R3ca].1 that 



Y - a + b,X, + ... + b.X. 

J- J 11 



is the familiar linear fom, and 



^i - dX77x: 



is the o]a.«;tici1y for^nuln frum J'art 11. Vicn a one unit change in X. (dX- = 1) 

^ • Of coiir.so the preceding second dcgi-fc po]yno.r.ia] did have an even lower 
partial derivative witli ros])ccl to Teacher Test. 

Av'c;raj'Ji»g ovc- sdiools, thv aritlimetic mean Reading .Score is 17.62. 
Ihc geomotrjc mean is \C.A^. 
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causes a b. cliajigc in Y (dY = b. ) . lids fonnula therefore reduces to 

b.I. 

where the bar denotes tlie mean, ajid R is Reading Score. The values from 
the simple linear equation are ■ 

*f6j ~ .45 
= .20, 

using the symbols from above. The value of the elasticity with respect to 
Experience is close to the coefficient from tlie logaritlimic fonn, but the 
Test Score elasticity is not close. ' Using the standard errors from the 
logarithmic equation, is within one standard error of the constant elas- 

ticity estimate, but 0^. is over two standard errors low. I would not want 
to conclude, then, that the sijiiple linear form mid the logarithmic form reacli 
similar average estijiiates of statistics. I would conclude that in general 
the linear form witJi interactions or non-linear transformations allows a great 
deal of flexibility compared v/ith the multiplicative fonn.^'' Tlierefore 1 will 
present one last set of equations combining tliesc two features. 

37 

Rowles ( 1 ), for reasons wliicli I Ccuuiot fathom, chooses' the multi- 
plicative over tlie simple linear fonn, not considering the linear fonn with in- 
teractions, lie doo;, note some of tlie disadvantages of the muitip] icat ive for;, 
particularly tliat the- sign of tlie inte)-actio:i l)etueeii two in]Mits (tlicir cross- 
partial derivative) is detcminale, given the signs of the first partial deriva- 
tives, lie doe.s not go on to oxploie the linear form with interaction, in which 
tlic sign of the interaction is not const j'aincd. 
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Final Lcv cl.Dcpcndcnt ^uati ons 

1 liave called the genera] fom of an equation in wludi at least some 
partial derivatives depend on the levels of some variables, -level-dopendenf 
fonns. In the preceding sections I argued that, considering a very lijnited set 
of foms, the co«,bination of high order transforations (squares or higher powers 
of one variable) and interactions in a linear regression fonnat .vas convenient 
compared with the multijiicative fo.^. Many more co^nplex considerations have 
been ignored. Of tliese, the most obvious is one in which the elasticity of sub- 
stitution between factors is held constant. This fom has become popular in 
economics, tliough at aggregate levels (that is, for a mix of products, not for 
an industry production function). It is not immediately apparent that this 
would be a good restriction for an educational production fimction, but at 
least this demonstrates the direction in which future experimental and theoreti- 
cal work sliould look before wc will be ready to estimate such functions. 

I have estimated general "level-depcndenf equations for the Reading 
aiid Verbal outputs. These api,ear in Table lV-9. In the Reading equation, 
Possessions and (Possessions) ^ butl, appear. In the Verbal equation, no back- 
ground variable appears to a poiver greater tlian 1. (Teacher Test)^ appears in 
both equations, and i„ both it has a negative sign. As explained above, this 
is reasonable, given the tnuicatod Test scores. In addition there is no reasoii 
to believe that any relevant talent for teaching v^iich migia be me'asured by such 
a Test is linearly correlated with that Tost Score. Higher scores on the Test 
might indicate more talent, but not necessarily ir. equal increments. 

TJic Teacher Test has beej. interacted with Possessions, as each ruprc- 
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TAIJlii ]V-9 

Combined Level -iJcpcndent I-quations 
Lastnict City Miitcs 
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Regression Hstimates 


Beta 


Weichts 




Verbal 


Reading 


Verbca 


Reading 


OCX 


2.675 
f .671 


3.393 


.114 


.112 


Age 1/ 


-9.508 
fl 141 


-4.413 


-.223 


-.151 


Possessions 

* 


-10.422 
f 1.971 


-4.958 
fl 401 


-2.124 


-1.477 


2 

(Possessiojis) 




.142 




.484 


People in the Home 


-.137 
(.1201 




-.035 




Father's liducation 


.485 


.140 
( . 098) 


.104 


.044 


A.inciergciri cn 


4.246 
(.771 




.170 




ieacjier lest 


4.970 
(1.52) 


1.564 
(1.20) 


1.002 


.460 


(Teacher Test) ^ 


-.207 

UO.>yj 


-.0979 
(.028) 


-1 R'^n 

J. . O JV 


J. . /iOO 


Teaclier lixpericnce 


(1.102) 


(.83) 


-1.014 


-1-.920 


Trac3<ing 




-1.735 
(.29) 




-.180 


HiSes-LoKc'S-MidPeer 


5.355 
(1.85) 


2.794 
(1.37) 


.085 


. . .065 


LoSes-lliKes- LoPeor 


-3.934 
(2.044) 




-.068 




nxpericncc - Test 


.125 
(.045) 


.15] 
(.034)- 


1.2S3 


* ' 2.223 


Test - Possessions 


.506 
(.086) 


.221 
(.06) 


2.636 


1.681 


Test - R;ice PrcfcTcnco 


. 0608 
(.016) 




.176 




('onstant 


-8.663 


20.534 








.643 


.565 
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scnts the most powerful indicator of quality: Test, of school quality, aiid 
Possessions, of backgrouna. The coefficient seen.s large, significant at the 
.1 percent level in both equations, and positive in both equations. If one be- 
lieves these measures and the multiplicative interaction, then it seems that 
childre)! who come from high class homes and go to high resource schools do 
better than the sum of the high class and the high resource effects. Since 
this already presumably corrects for the triple interactions of high class, low 
resources and mid peers, plus lov; class, high resources and low peers, which 
work in complementary directions, then the home-school interaction effect is 
truly spectacular. 

The otlier interactions remain pretty much as we found them before. Ex- 
perience and Test interact positively, indicating either interaction between 
lixperiencod and high Test teadiers, or that those teachers with both qualities 
are super teachers. Given Test Score, the teacher who Prefers IVhites is 
associated with higher Verbal Score whites, tliougli considering that the mean 
score is for approxijmitely (inteipreting liberally) 60 percent white, this 
might indicate teadiers who want tlie security of a dominantly white sdiool , but 
don't necessarily prefer to teadi white diildren.^^ 

Seme partial derivatives for tlicse equations are given in Table IV- 10, 
along with their values at the means. 'J-hc difference from Uie si«>ple linear co- 
efficients is also calculated and given in the last column. These' differences 

^8 

etc ••^JlWM1V"^^^^^^^ ''all while," "mostly white," "half and half," 

all'non hUeV.; n . ''^^'^^^j'-^^' v.hite as 10, mostly nonwhite as 1, 

q .„^x < 1 1 • \r'^'^»^'"': V'^^"-- ^" individual teacher basis there are 
Ln : r?« Jcs,,o,.-,es been code<l as 8 and ?., the me. 



r.^oHn 1 ' ^"'''"^ been ]o;;.-r. llnis tiviPsT.tmc: 5.8 to percentages is i 
cecchn}t]y Jooso ; torpretat iua of tins variable* . 



more 
an 
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TABU: IV- 10 

Partial Derivatives for Level -IJcpendent Equations 
Bastiiet City Miitcs 



Verbal 



Evaluated 
at Means 



Standard Errors 
Different from 
Siiiiple Linear 
Coefficient* 



afcst 



4.970 - .414T + .125H + .506P 
. + .061R . 



.703 



■1.6 



^ Experience 



= -2.627 + .125T 



.242 



-3.3 



^Possessions 



= -30.422 + .506T 



1.191 



+ .8 



Readi ng 



7>Y 



3 Test 1-564 - .i96T + .1511- + .221P .23A 



-1.0 



c)Jixjjerioncc 



-3.403 + .1S]T 



.062 



-4.4 



J) Y_ 

TIPbs sessions 



•4.958 + .284P + .221T 2.099 



+4.0 



^ Signs indicate: + hiplicr tli-uj simple linear cstiimito 

ERIC 1 • , 

sM^ta - lower viKin sii'jpio hnear cstiinale 
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are large, and consistently increase the estijnated effect of background, de- 
crease the estimated effect of school resources, as compared .ith tlie simple 
linear equation. Tl)e Teacl.or Test derivatives are negative at 30 questions, 
holding tlie otlier variables constaait at their means. In fact, at these mean 
levels, the Teacher Test derivative turns negative at 24.6 questions for Verbal 
Score, and 24.1 questions for Reading Score. Can it be that in a scliool with 
mean values of Experience, Race Preference and Possessions, adding a teaclier 
with a liigh Test Score but otherwise average values will reduce tlie output 
of the school? Or does it mean, an interpretation I mudi prefer, that we 
are still far from estimating a production function? 

Tlie r2 from these equations are not spectacularly higher than those from 
the slmi^le linear equations. liach R^ increased by less than 10 percent of its 
initial value. Thus tlie advantage to such complia.ted foms would seem to 
lie in presenting a better picture, if they do, of the way in vdiidi the inputs 
are related to the outputs. Tliey do ot markedly increase our ability to ex- 
plain variations in output with these inputs. As noted earlier, I find this 
inability to explain much more varL'uice quite conforting: J would not like to 
live in a world much more determinate than this. 

One last point should be discussed here. A Beta weight greater than 1 
is a rare phe,ioinenoii in social data. To think that a standard deviation increase 
in an inpnt could produce more tln.n a standard deviation in an output seems ex- 
treme. One might look fo, an expl.-jiat ion in the relative, inv-.riance of the out- 
put measure, so that a couple cf raic poijits create this effect. Or one 
might look foT- a;llinearity in the. input measures, again m argument that iho 
reJationsIiip is spin-ious, a ivsult of the non-rcprcsenlative distribution of 



error. 
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Six variables out of 14 in tlie Verba] equation, and five out of 12 in 
the Reading equation have Beta's' greater than 1. However, one need not look 
for spurious statistical artifacts to explain them. The problem is that with 
transfoniiations and interactions the Beta weight for one coefficient simply has 
no meaning. The Beta's for tliose variables not involved in these manipulations 
are nicely behaved (i.e., small). There are no unique Beta's for the other 
variables, as explained above. Tlierefore I have calculated effective Beta 
weights, at the means, for the three variables wJiose derivatives appear in 
Table IV-10. These appear in Table TV-U. These are approximate values, cal- 
culated from the partial derivatives. 

All the extreme BeLa values are explained by this siiiple calculation. 
The resultant Beta weights are far smaller than the Beta's from the simple 
linear equations for the school variables, and greater thim the simple linear 
Beta's for the background variable. Thus if Beta's are used to measure reli. 
tive "ijiiportance," school variables are even less important, relative to back- 
ground variables, than predicted by the higlily avernged simple linear equations, 
As always, whether this means thiif policies affecting the home environjiient are 
more cost-effective than policies affecting sdiools cannot be detemined from 
this result. But to tlie CAtont t)iat theye eciuations are considered more ac- 
curate than the simple linc-.ir equations, they are also moiv depressing in terms 
of leading to effeclive school policies for increased cognitive •skills. 

Along the Great 1-ront ]or_ 

One of tlie tasks piwiised for this' jiajicr was nn attempt to locate schools 



TAKLH lV-11 

Approximate Ikita Weights for 
Level-Dependent. liquations 



Verbal Reading 

Teaclicr Test J42 . .069 

Experience. .093 .035 

Possessions .242 .624 



Note: Derivatives are taken from Table IV- 10, ajid therefore 
for Teadier Test refer to the interval from one-half 
standard deviation belo\v the meaji to ono-lialf standard 
deviation above the 'me;m. 
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at the production frontier, and rc-osti ,ato production i-clalionships with 
these sd,ools. No pretense was made that this experiment would be a suc- 
cess, and I believe it has lived up to its expectations. Frontx . sd.ools 
were defined by dividing schools into four regions by their average Test 
Scores: more than one standard deviation below the mean, within one standard 
deviation below the mean, and similarly for above. Within these categories 
the sch6ols witli the greatest positive residual 



A 

R - R, 



from the sij.ple linear regression were selected as Frontier schools.. Eighteen 
sdiools had positive residuals, and of tliese, seven were diosen. Sixty-seven 
diildren were involved, the sai-q^le was re-weighted to give each school 
equal weight, and eadi child equal weight within eadi sdiool. 

The resulting estinated equation appears in Table IV- 12. I only used 
the simple linear fonn for this experiment. All variables except Sex had co- 
efficients larger than their standard ern,rs. What would one expect from Fron- 
tier observations? The basic expectation is that the scJioo] variables will have 
larger regression coefficients. I would have no exj^ectation about backgroimd 
variables, because I an. not selecting for ha,.e production, but for-the most 
productive sd.ooJs, conlnolling for background. 

The Teacher Test coefficient is indeed larger than it was. in the ori- 
ginal e<iuation. On the other liand. Teaduu- lixperience and Tracking have re- 
versed signs. Besides these two and the insignificnnt Sox coefficient, all the 
other coefficients have increased. There, is nothing special, therefore, about 
the Test c '"firiont. The Beta weights should, be ignored in a sample whid, 
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miui IV- 12 

Reading liquulion for I-rontier Schools 



Sex 



Regression Dota 

Coefficient Weiglit 

.587 .038 
(1.54) 



Age 12+ -9.344 

(2.50) 



Teacher Experience -1.862 

(.44) 



-.416 



Possessions 2.172 593 

'■ (.34) • • * - 

Father's Education .507 153 

(.37) 

Teacher Test 1.043 * .464 

(.28) 



.560 



HiSes-LoResourccs-MidPeer 7.167 251 

(3.25) 

Tracking 1.64 .221 

(.97) 



Constant -7.100 

.583 
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promises notliiiig in tems of representativeness. 

I would conclude tliat the experiment is totally inconclusive. The 
students in tliese scliools seem more responsive to just about any change, wliidi 
is an appealing characteristic which well managed schools should disclose. Few 
researcliers will be convinced tliat a regression on 67 cliildren better represents 
production conditions (when well-m(inaged) in Eastment than the 974 white sixth 
grade children in the original city smr^le, or the 597 of these who remained in 

♦ 

one scliool from tlie first grade; or that seven schools represent production charac- 
teristics better tlum the 36 or the original sample. I want to stress that, in 
the long run, these opinions about maintaining sample size will be proved wrong. 
Some small sub-sample of schools and children will better demonstrate the tech- 
nical possibilities (within a given bureaucratic structure) than the entire 
sample. It seems safe to say, however, that this particular sub-sample has not 
done so.^^ 

Lessons fro m these ILxper iment s 

The first thing to note is'tJiat the fimctional form is ijnportant in de- 
termining the effectiveness of different policies, "".'o judge tliat one resource 
is educationally helpful on tlie basis of a simple linear regression might 
neglect important interactions wliichcould render that resource ineffective in 
somo situations. Though tlie use of non-linear tr.'uisfonnations was* instructive, 
probably the most important infoniiation in the preceding sections came from the 

*-As a post- script I will note that the explanation here, that thc«;e 
figures divc;rg^' too much from those foiuid boforo, seems exceptionally weak. 
mat mo^h: to be, done is to set out tlie criteria under uhich one would accept 
the sub-.'.ai-iple results as in fact the frontier relationships. These criteria 
should prubribly be independent of comparisons with results from the entire sam- 
ERLC ^ "'^^ ^-^"^ fyi'l I con.sider it a fonnidable one. 
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interaction tcn.is. Tcadiers interact: Witlun a scliool, one .night consider the 
mix of teacliers in nuiking new assignments. In fact, :udicia] enforcement of 
racially baLmced faculties js a step in this direction: assignmei;t of one 
teadier is dependent on the diaracturistics of the teachers already at that 
sdiool . Althougli I do not know the educational effect of such assignment cri- 
teria, at least they open the door for other resource -interact ion considera- 
tions. 

In addition, resources interact with backgrounds: Teacher assignment 
should consider the tyi^es of children in the sdiool. This is quite an im- 
portant result. If one were to believe, as many of the educational skeptics 
try to read from the liEOS study, that schools contribute nothing to cognitive 
skills, then one vouM believe that wealtliy suburbanites were foolish in their 
high per-pupil expenditures. If, on the otlier hand, the marginal productivity 
of a dollar expended in a high class neighborhood, in terns of producing 
cognitive skills, is greater than in a lower class neighborhood, tlien it ap- 
pears that these people are particularly sensible. That is what this- inter- 
action tenn ijiipUes. It follows everyday observation: that sdiools i„ louver 
class neighborhoods expend a great deal of effort in bdiavioral outputs-under 
the general licading of "discipline." It follows from a radical analysis which 
sees sdiools as places of socialization first, cognitive adiievement last: 
upper class diildrcn are already socialized. This interaction defines the most 
jjiiportajit challenge to the educational establ isliwent today: from "cost-benefit" 
and otlKT de-hinnanij;ed (but "rational") approaches, an educational production 
function with a lio-e-school interaction tenn like tliis one will dictate putting 
money where the pupils arc itiost prepared to use it, ^v-liere tlicy by juid large already 
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have a ,ro.t doal. Uis .^,ld not bo t„.o only if prices worked tho other 
way-if resources «.re „ore Ceaply supplied where they a.. «>re scarce 
But.overythlng wo knc», about prices Indicates the <^pesite, that resources 
(such as teacher talent) prefe. te go who. there is already a fund of that re- 
source, and where the students are already pr,^„^ to take advantage of it ^0 

Cllenge. then, is to use a ^ calculus in allocating .sources, not 
a HonetaQ, calculus: resources sho^d go where they are scarce, even th«,gh 
their marginal oi-fectiveiioss mil bo small there. 

rne practical effect of this interaction is to help explain ^ckraking 
studies which Show that funds spent on canpensate.y education .r. not very ' 
productive. Most of the arg»K.t against such vi«« has been-rightly-tha. 
tl>ese fu«,s have been so badly a«nister.d that they ca™,ot bo said to have 
gone for real c«pensaton- education. Purthe^ore, they have been diluted, sp.ad 
over too many children. T.,e home-sCx^ol interaction te™ indicates that . 
small am.„t of con^satory progr.™ actually caching a low-Income child can 

be expected to have litllo offf^ri ru.^ 

little effect, lhat same amoimt reaching a high-income 

child could have a larger effect Cnii<;idov i • 

i, ^iicct. LonsidO) the obvious impact of financing 

a science fair in an otl,e™ise «l,-„ff school district, compai^d with the 
incrcent to science k„a.,edge fr», the same anKH,nt of funds spent in science 
education in a low-i„ca« sd»ol. ll,e pre-conditions for effectively absorbing 
such f„,ds are so different . tha, of course tl,e «asurod benefit f«,„ the 

""irr'' i*/-£-C]!l.c.li1ds.n are 

40,, 

Tost wlTiS^^^^^^^^ ^^^^j;^^<^ rir?[rn -"-^-1 f 

results of a rcfircss o/, of m l-n't f V c:o„„nvmi(uil ion, u-ports 

Mnslcrs wa.s liighirrisSns w So^^ salary and social class. "Percent 

.alary." ^ ^ responsive Cnof.jUxoly) to social class, hut imresi^onsivc to 
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involved in these two weasurcs of benefit. ITiey are not strictly co)i.parable. 
A "hunan calculus" would weight hJohor the small gain of deprived children, 
than tlie large gain of the already privileged children. 

0.1 the other hand, the final equation dad produce results whidi showed 
the schools even less effective in producing the cognitive skills measured than 
we would believe froin the simple linear equation. The answer may lie in non- 
school prograP>s,.such as diiy-care centers for young children, extensions of the 
Police Athletic Legaue, special after-school programs in conjunction with 
museums, summer c<unp programs, etc. 'ilie fact that the coefficient for Posses- 
sions seems powerful leaves open the question of what Possessions really is. 
The facile argument that Possessions represents money, so that cash grajits 
to parents will produce reading achievement, I find unsupportable. One 
would have to posit a production relationship between money and cognitive 
skills. This could run: money releases the parent's time to be six;nt with 
the children, and this time is the actual producer of these skills. Yet tlie 
time of a now poor parejit may not^be so productive. We certainly don't know 
that it is from regressioji coefficiejits from parejits who have achieved some 
higlier income status. 

The laifortunatc truth is that until the actual productive variables 
are identified, wc cannot well estimate tJieir costs. And without both pro- 
duel ion and cost estimates, wc cannot know what policy might be most cost- 
effectjvc% Add to tliis tlio fact tJiat wc do not kjiow wliat form a production 
relatiojisliip might take, and tho discovery in the preceding sections that the 
fonii makes a great deal of difference in tonus of estimated effects, then tho 
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lesson of this paper is clear: iiiucli more v/ork. theoretical, experimental. a.id 
statistical, needs to be dune before to will be able to rational! ?.e the pro- 
duction of cognitive skills. 
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V 

A liRlia- OKtLUSIOM 



lliis paper began ,dth a disca^ion of tl,e concept of "pwluction 
functions," and a description of how „ p„A,ctlo„ function can direct decision 
«king toward econon,lc cfficlenc,. lUs. It was noted, required that the func- 
tion was derived fro«. tedmically efficient (well »naged) pxxKfuction units. ^ 
Were profit ma^ng is the force behind the pn>duction, one can assu,K= so»e 
degree of ted^ical efficiency. This does not apply to public education. ^ 
The concept that one s)>ould try to isolate efficient school s-tI,ose operating 
0.. their production frontier-was outlined, and even tested in Part IV of t),e 
paper. 

The output focus of the school was taken to be another problenu A 
single output ,„oas.are, or even an index, has very limited use i„ actual pro- 
duction estiuation of st.cli conglancrates as the public education system. This 
is especially true if there is a non-li^.ear expansion path as resources in- 
crease, or if schools with different kinds of children (by social class, urb.m- 
ness, ethnicity, etc.) ain> at different outpiits. This argunont appeared in 



Part 111. 
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liven Kith school., will, a conunon output goal, and a suitable .neasurc of 
that goal; even if the fix,„s were observed to be technically efficient, other 
p,-oble.s occur.^ Previous attempts to sLatisticallv relate cognitii^o output to 

suird thlriT'^i'.'i"^^'' ' 1 It ''!:^^*''^'' ineffic ient production can be as- 
t^icm^^^^^^^ '''' ^'^^---"^ "'^-••^^•"-t should bo part o? 
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scliool inputs have not separated ot.t tlio cnild)-cn ^mo were not ir. that 
scliool in previous years, l,c„ce not actually associated with those inputs. 
If lower class children are more likeJy to change schools, tl.en once again it 
may be extremely difficult to .ake any esti^nates about input-output relation- 
ships which affect them. Also, the range of ad,«inisf tive jurisdictions in 
the data sa>nple n,ay affect the results. IT^us it was argued that within one 
city, teachers with seniority can associate themselves witi. higher output 
children, presenting upward bias to the "production" estimate unless made 
from a siutably identific.d and estimated simultaneous model. On the other 
hand, multi-city, and especially city mid suburb samples allow the same kinds 
of associations with ot},er teacher (,uk1 principal) qualities. A teacher wit)» 
experience can move well witliin a city. A teacher with high IQ, social 
ease, or wliatever else is desired by suburban education establislments may 
move more easily between cities. These issues were discussed in tl,e beginning 



of Part IV. 



Even if all these problems arc considered solved, the matliematical 
fom of the production function requires consideration. A few basic theoretical 
issues were discussed in Part II. The focus there was on basic cliaracteristics 
jjiiplicit in functional fonns, some of which are independent of the "data. Tl,e 
elasticity of substitution between factors, and the elasticity of output 
witli respect to a factor-two obviously important produclion considerations - 
were discussed. T),e major point made was tliat thoui;li maiiy considerations of 
form could be obviated by caVeAil data transfon.iations (though this is certainly 
not true of all of tliesc considerations) ,. the researcher like myself has very 
little guidance from educational tJieory as to how to proceed iv either direction. 
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To *»„stratc tlK. i,,K,n,-,„co of tl,is latter proWc, „,ore boi„s Uttlc 
I could do abc»,t th. others. Pan IV investigated several Mnds of estimations 
wxU, <»,e sa„p,o of data. Kei,„tod ,.,rcssions wore u.ed to give 30 prodnctiou 
units (sd,ool.s) equal ^ight. but to correct for variations in tl,e qualities 
of tJ. ra„. „«orlals (p^,ils) as they enter«, the process. ,t had been pointed 
out in Part I tl,at in fact this cannot be done with present data, and tl,at 
the bacWd variables therefore account fer initial quality, continued back- 
ground intluence.during tl,e producti™, process, allecatlon of the highly 
averaged school resou,.es within tl,e pro<Iuction unit, and vari^Wc response to 
sch«.l resources. Estimates we., given fer a simple linear fo™. f„r the si^le 
lanear pl.« interactions, the si^le linear with quadratic tenns, a logarittaic 
transfonation. and the si^lo linear wit., both interactions and q^dratic 
ten., llsti^ates of the partial derivatives of this last fon,, with respect 
to two school variables and a bacKgn,vu,d variable (evaluated at »e^ values) 
«ore signiflcmtly different from those of the si,nple linear fom. 

In addition, by presenting the e<|uations for two different outputs, 
I have tried to caution tl,e reader against drawing conclusions fr«„ equations 
from one o-utput only. Ltespite higj, correlations between those two outputs. tl,e 
equations were different, including different sets of both school and back- 
ero,„d variables. S«„o >„aj„r,conclusions-sud, as the relative i,„pact of bade- 
ground and sd,ool variables-would bo the same from these two particular out- 
puts. ),ut since education is a>l„,it.o<Uy a >m,lti -faceted pxx,duct'. one should 
be forewarne.1 abeul .-Kcepting or rejecting notions based on Just one of tj.osc 



facets. 



I have fried not to weary the reader with ar,;,«ient alwiit the triviality 
of the notion that backgrotrnd exceeds sd.ool inputs ,n explaining output variance. 
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It should be clc'ir that such a finding is not surprising, not depressing, and ' 
in sliort not ijnport;mt. llie ultimate efficacy of any prr.gram will be deteimined 
on its cost-effectiveness, that is, its ability to deliver output for dollars. 
For this calculation, estimates of the increment to output from increasing in- 
puts are necessary, and estijiiates of associated variance, of no import. Ivhat 
was depressing was to find that the presumably better specified equation reduced 
tlie estimates of the response of output to sdiool inputs from the simple line.ir 
estimates. Tlius accurate' estimates of cost-effective policies rely heavily on 
accurate production function estimation. I have tried to stress how far we are 
from that goal. 

Last of all» I questioned the calculus by whidi even cost-effective de- 
cisions are made, it is on this point that I will end this paper. If "bene- 
fit" is calculated independent of who receives it, and if the national objective 
is to "maximize benefit," then policies which favor the already favored cnild 
easily be recoiimiendcd . -lliis lias long been a problem in U. S. Office of Educa- 
tion planning, l-or exaiiple, if the returns to a program are calculated as the 
increment to iifctiinc earnings of tlie individuals receiving the benefits, dis- 
counted to the time of the program, tlien aid to graduate students will almost 
surely do:i'jnate aid to young duldren. Just the fact tliat the young children 
receive no "benefit" as calculated for many years lowers tlie value of that 
benefit according to these rules. •• . 

Sintc no sucl) accounting mechanism would ever ju.stify aid to yoimg 
diildrcn, tlir Office has long compartiiicntJt] ized its objectives. It considers 
aid to yoLUig children a desidoratinn, and evaluates those progr.-sms against eadi 
otJier. Wi£!i. J am su-jgestinj-, is tliat cvcm }vuthin a category sucJi as."yoiuig 
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duldrcn," benefits should not be equal weigbted.' Ihis is, in fact, the philo- 
. sophy behind Title I of the 1905 Hlcentary .nd Secondary Education Act. I-unds 
from this Act supposedly go to educationally deprived children in poverty 
settings. No comparisons are ,r.,de .dth the benefits whicli would accrue to 
•educationally favored children if they had access to these fto.ds. TT,at is well 
and good, 

The sa^ne co,nparti„entali2ation should bo continued in the actual admini- 
stration of tl.ese- funds. If the interactions are as I have found them, then 
nothing short of mrussive and well managed aid will show any success. If the 
expai^sion path of 'outputs is as I have suggested in Part III, then most of this 
money is going into sd.ools which are not attenuating to produce the outputs by 
vhidi Title I is being evaluated. Tlus dilen.„a could lead, at the moment, only 
to a longer discission than I care to be involved in at tlus time. Some policy 
options are obvious: This money (or other money to t].e same children) should 
be directed oulLsid^ scho_ols , in afternoon '.ind sunnner progrn^ns not under the 
diarge of the sd.ool bureaucracy. Research and training are needed to supply 
nietJiods and teadiers specifically geared for a particular, deprived, cliild 
population. Rewards need to be outj,i,t oriented, witliout being so specific that 
other outputs are grossly sacrificed, or that only the output measure, not the 
output itself, is raise I. 

'">' J'-'"'''-^' ^^'^^ "'^t I"^re, to discuss those options further. 

ira 
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A truly heroic effort at detcnuining an oc... ..onal production function would 
carefully consider all the tijnes imd places in which a person acquires the skills 
Which we wish to consider as outputs. Thcn-and only then- -we could design 
programs which could be effective (and better yet, cok- effective) in producing 
those skills. To limit tlie investigation to currently administered public 
schools is perliaps the basic flaw, superceding .all the others mentioned above, 
in the unrewarding efforts to estimate educational production functions. 
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